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IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
Chemical Section 
AMES. IOWA 
SUMMARY. 
1. The conditions affecting the accuracy of sulfur determin-
ation by barium chlorid precipitation have been studied, 
using potassium and sodium sulfates. 
2. The effect of sodium, calcium and magnesium salts has 
been investigated, under conditions approximating those 
of insecticide analysis. 
3. A definite set of conditions is quoted, which if strictly 
observed, will yield fairly accurate analyses. For more 
accurate work, a method of checking by analysis of a 
synthetic solution is advocated. 
4. The theory of the contamination of barium sulfate by ex-
traneous substances is discussed, and the experimental 
data throw further light upon the nature of the adhesion 
phenomena. 
5. An exhaustive bibliography of previous work is append-
ed, together with abstracts of the papers. 
STUDIES ON THE DETERMINATION OF 
SULFUR AS BARIUM SULFATE 
By PHILIP L. BLUMENTHAL and S. C. GUERNSEY 
In the course of a series of determinations of total sulfur 
in lime sulfur solutions, according to the usual gravimetric 
procedure outlined in textbooks, it was noticed that the re-
sults obtained upon small aliquots of the solution were sub-
ject to considerable variation. These large percentage errors 
are interesting to the chemist since it is impossible in many 
cases to determine definitely which of several results is nearest 
the true value. Again, there is always the possibility that a 
method yields invariably high or low results. Further analyses 
were made in which the provisional method of analysis for 
total sulfur, recommended in the Proceedings of the Association 
of Official Agricultural Chemists 1 for 1912, were closely fol-
lowed: the results left much to be desired in point of agree-
ment. 
In view of the almost universal application of the barium 
sulfate precipitation method in determing sulfur, it seemed 
highly important to investigate the causes of the variations 
and, if possible, to devise some method of overcoming the dif-
ficulty in obtaining accurate analyses. The widely differing 
conditions under 'which the sulfate ion is determined seemed to 
be the logical cause of variations, although one would expect 
that where aliquots of the same solution are drawn for analy-
sis, results should at least agree very closely. In analyzing 
the lime sulfur solutions of ordinary strength, the barium sul-
fate (0.25 to 0.50 gms. approximately) is precipitated from a 
solution containing at least 3 gm. of sodium chlorid whereas in 
soil analysis, a much smaller portion of barium sulfate (0.01 
to 0.03 gm. ) is precipitated from a solution containing at least 
15 gms. of sodium chlorid from the neutralization of sodium 
peroxid. In some cases, as in those quoted, small amounts of 
alkali earth metals are present in solution, and invariably in 
water or mineral analysis, alkali metals are present, often in 
relatively great concentration. One occasionally finds methods 
proposed in 'which iron and aluminium (when present in small 
amounts ) are not removed before making the sulfate precipi-
tation. 
In short then, the purpose of this investigation was to dis-
cover the magnitude and causes of the error involved in the 
usual method of determining total sulfur, particularly in lime 
sulfur solutions; if this error proved sufficiently constant, to 
correct for it in summation of results; to ascertain the method 
best. adapted to estimating total sulfur under the above con-
ditions, and to extend our knowledge of the mechanism of the 
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reaction, once considered the simplest of analytical operations, 
but now acknowledged to be one of the most difficult for ac-
curate results. 
HISTORICAL 
Who it was that first proposed the use of barium chlorid 
solution as a precipitant for sulfates and sulfuric acid, is not 
known to us. But the study of the accuracy of the method is 
itself of long standing. According to Gmelin-Kraut2, Turner 
and Berzelius, as early as 1829, claimed that barium sulfate, even 
when precipitated by an excess of barium chlorid from a solu-
tion of potassium sulfate, is always contaminated by the last 
salt. Rose 3 states that the precipitate contains both potassium 
chlorid and barium chlorid even after thoroly washing with 
hydrochloric acid. Magnesium chlorid, ferric oxid, copper 
oxid, calcium oxid, and other components are taken up by the 
precipitate4 . Mitscherlich 5 affirms that" adhesive"* salts of 
aluminium, calcium and potassium may be reP10ved by dissolv-
ing the precipitate in concentrated sulfuric acid and reprecipi-
tating by pouring into cold water. Further accounts of earlier 
work on this subject are summarized in Gmelin-Kraut's Hand-
buch del' anorganischen Chemie II, 2, p 40. 
It is interesting to note that the results obtained in esti-
mating barium as barium sulfate are on the whole more satis-
factory than those when the radical S04 is to be determined 
although, according to theoretical considerations, the results 
should be of an equal order of accuracy. 
Mar6 showed that the amount of hydrochloric acid present 
in solution had a definite effect in determining the size of crys-
tals obtainel: in precipitating barium as sulfate, the precipitate 
being very coarse grained in high acid concentrations (10 to 30 
percent by volume) . The increase in weight when alkali salts 
were present was very marked and varied as the acid concen-
tration. The method of A. Mitscherlich 7 whereby the precipi-
tate was purified by solution in concentrated sulfuric acid and 
reprecipitation by pouring into cold water was shown to be 
unsatisfactory by R. Fresenius8 and by Mar 6. The last author 
proposed that the barium sulfate be recrystallized by evapor-
ating the solution in strong sulfuric acid and the impurities 
washed out; the most obvious objection to this process is the 
time involved and extreme care necessary in manipulation. 
Gooch and Hill 9 recently shortened the evaporation process 
by heating from above with a small blast lamp flame, a plat-
" W e use the w ord to deS ignate all foreIgn material contamInatin g the 
precipitate, whether included, occluded ("vide Ri chards , Z. anor g. Chern. n , 
383-90) or adsorbed . 
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inum gauze cone being used to prevent loss by spattering. As 
stated, these results apply to the estimation of barium sulfate, 
and consequently if applied to the purification of precipitates 
obtained in estimating sulfur, serious errors might be intro-
duced. 
Many articles have appeared whose authors propose to re-
move adhesive impurities by various methods of acid digestion. 
In determining barium, Ripper 10 showed that considerable re-
duction occurs when the barium sulfate is ignited wit.h the 
paper. In such cases, he claims that reoxidation with bromine 
water and subsequent digestion with dilute hydrochloric 
acid will ultimately yield a pure precipitate. Phinney11, how-
ever, quoted results which showed conclusively that when so-
dium chlorid or potassium chlorate are present during precipi-
tation, this method does not yield pure barium sulfate. 
804 , perhaps more work has been carried out to remove iron 
In the purification of precipitates obtained in estimating 
than any other element. Lunge12 proposed a method for esti-
mating sulfur in pyrite which he modified at a later date. The 
precipitate is saia to have contained arsenic and yielded low 
results. He recommended 13 that iron be removed before pre-
cipitating the sulfate. Jannasch and Richards 14 explained the 
low results obtained with precipitates containing iron by say-
ing that the impurity was carried down as a ferric sulfate 
which, losing S03 on ignition, would naturally yield low 
figures. They concluded, with Lunge and others, that a pre-
cipitation made in the presence of iron is always subject to er-
ror. Kuester and Thie11 5 claimed, contrary to Lunge, that 'when 
iron is precipitated as hydroxid in the presence of the sulfate 
ion, the precipitate usually contains a basic ferric sulfate 
which, being difficulty removed by washing, necessitat.es a re-
precipitation. They proposed to precipitate the iron as hy-
droxid and without filtering it out of solution, add barium 
chlorid to complete precipitation of the sulfate {tnd then acid-
ify with dilute hydrochloric acid, heating some two hours. The 
precipitate after being carefully washed by decantation with 
water and acid was found to be iron free but the results were 
slightly low. An alternative method was proposed in the same 
article, whereby the ferric ions are converted into non-reac-
t.ive complexes by adding ammonium oxalate (}r tartaric acid 
to the solution before precipitating the sulfate. In both these 
methods, the duplicates showed considerable variation, altho 
the average results were good. 
Meineke 16 proposed to reduce the ferric salts by stannous 
chlorid and then precipitate sulfur. 'l'he ferrous salts, he 
claimed, are not carried down. However, when stannous 
chlorid was used, the pl'ecipitates always contained tin. Sub-
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sequently zinc was substituted as a reducing agent by Meineke 
and by Heidenreich 1 7 . The accuracy of this method could 
not be substantiated by Richards and Jannasch, or Kuester and 
Thiel. On the other hand, Gladding 18 , while admitting that 
the iron is carried down with barium sulfate as a ferric sulfate. 
claimed that when ferric hydroxid is precipitated, there is 
always some sulfur lost as a basic salt which can not be washed 
I)ut of the precipitate. He consequently dissolved the iron hy-
droxid and reprecipitated the sulfur therein contained. Peck-
ham and Peckham 1 9 found not only iron but also aluminium in 
the precipitate, which they asserted to be present as the result 
of the formation of a double sulfate 'with barium, as proven by 
themselves. * 
In a later paper, Kuester and Thie12 0 answered a criticism 
of their tl'eory, quoting experiments to prove the existence of 
a double salt of barium, Ba [Fe (S04) 212' which causes the 
error. Jan.nasch and Richards 14 attributed the error to the 
presence of ferric sulfate in solid solution with barium sulfate. 
Kuester and Thiel reiterated their claims that reduction of Fe'" 
to Fe" is not a satisfactory method; that converting the Fe'" to 
non-reactive complexes or precipitating' S04 after the precipi-
tation of Iron as a hydroxid, 'without removing the 
latter from the solution, are satisfactory procedures; 
and lastly emphasized the necessity for close adherence to 
the conditions described by themselves. Ostwald21, in review-
ing their work, favored the view of complex ion formation as 
an explanation of contaminated precipitates. Whitney22 and 
Recoura23, in determining the nature of the change in color 
observed when chromium salts are heated, attributed this fact 
to the formation of complex chrom-sulfate ions. By analogy, 
the above conclusion with regard to iron salts would seem to 
be warranted. 
From the foregoing, it is apparent that several explana-
tions are proposed to account for the impurity of the precipi-
tate. Certain investigators incline to the belief that the pres-
ence of complex ions in solution tends to the .formatzon o.f com-
plex, or double salts, which form an isomorphous mixture with 
barium sulfate or, as Van't Hoff called it, a solid solution. 
According to him24, a solid solution is a solid homogeneous 
complex of several substances, the proportions of which may 
vary without affecting the homogeneity of the system. Other 
workers believe that the precipitate is an isomorphous mixture 
of barium sulfate with simple salts in the solution, as barium 
chlorid, potassium sulfate, etc. 'l'he phenomenon of adhesion 
by which the solid solution is formed is variously termed 
"inclusion," "occlusion" or "adsorption." 
*See di scuss ion or thi s po int late r in arlit'l l) , 
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Schneider25 first showed the application of the latter 
theory to analytical problems, and in fact illustrated the point 
by the case of barium sulfate precipitation in the presence of 
iron salts. He claimed that the quantity of iron sulfate oc-
cluded vvas proportional to the barium sulfate up to a definite 
limit of adhesion, after which an excess of iron had no effect. 
These conclusions are only partially substantiated by other in-
vestigators. 
Richards and Parker26, working with pure sulfuric acid, 
found that the precipitate contained chlorine in considerable 
quantities: calculated as barium chlorid and deducted from the 
weight of precipitate, fairly concordant results were obtained 
altho all the analyses were low. The quantity of chlorine in 
the precipitate increased with the hydrochloric acid concen-
tration and also with excess of barium chlorid. The adhesive 
material also varied inversely with the dilution. An interest-
ing point is that the precipitate did not take up further 
chlorine after precipitation was complete. In fact, the barium 
sulfa te tended to yield chlorine slowly when suspended in pure 
water. Later, Richards27 advanced a theory for the phenom-
enon, which he called" occlusion," especially designed to ex-
plain the action of barium sulfate thrown down in the presence 
of ferric salts. He considered it a special case of the law of 
di.stribntion: here the material carried down does not consist 
of ions but of electrically neutral complexes; this view closely 
approaches that of the workers who contend that complex or 
double salts are formed in solution, and are carried down with 
t}- e precipitate either "mechanically" or as a result of their 
10"" solubility. 
Patten28 sho\\'ed that bal'iul1l sulfate would take up salts 
of nickel, cobalt, manganese, chromium, iron and copper, 
whetller precipitated from solutions containing these salts or 
immersed in a solution of these salts after precipitation was 
c')mplete. Microscopic examination showed the crystals of 
barium sulfate to be colored, but there was no marked dif-
ference in shade between the crystals prepared in the two ways 
mentioned above. He also states that magnesium is apparently 
not carried down: at least, he was unable to detect it qualita-
tively in the precipitate. He suspects a chemical action in the 
case of the six metals which are absorbed. 
Korte 29 reviewed the development of the theory of solid 
solution in explaining the analytical difficulty of obtaining 
pure barium sulfate. He also attempted to confirm Schneider's 
results but was not able to corroborate his statements. Instead, 
he claimed that his own results (in the case of the absorption of 
ferric salts) led him to believe that a complication of physical 
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and chemical processes was the only explanation to be derived 
from his (and indirectly, Schneider's) work. 
Creighton3o , working in a system aluminium chlorid, am-
luonium sulfate and barium chlorid, found that when the alum-
inium was constant and the sulfate varied, the degree of im-
purity varied with the amount of sulfate; when, however, the 
quantity of aluminium was varied and the sulfate remained con-
stant, a maximum of impurity was reached after which the in-
creased weight of barium sulfate (due to impurity) was con-
stant within the limit of experimental error. This, affirmed 
Creighton points to a solid solution of aluminium chlorid in 
barium sulfate; the results plotted as a curve, correspond 
closely to the usual form of solubility curve. The work is 
a confirmation of Schneider's results with iron, and Creighton 
is led to doubt the formation of a double sulfate of iron and 
barium, as advanced by previous investigators. 
Kato and Noda31 investigated the determination of sulfur 
in the presence of alkali metals. They found that potassium 
chlorid caused the greatest error in the determination, while 
ammonium chlorid and sodium chlorid introduced variations 
which were practically identical. The ratio of salt to acid (R) 
and the percentage difference (D) between the results obtained 
when potassium chlorid was present and when absent corres-
ponds to the equation log D=n log R+K, where K is a con-
stant. This is practically the adsorption formula. They con-
cluded, therefore, that alkali salts are adsorbed and this effect 
is in part diminished by precipitation in a very dilute solution. 
They did not notice any adsorption in the presence of mag-
nesium chlorid. They recommended for practical work the 
comparison of results obtained on a sample with the results 
obtained on a synthetic solution containing similar impurities, 
and the application of the correction so obtained. 
In the presence of alkali metals, calcium and magnesium, 
Ruppin32 recommended that a dilute solution of sulfate, 
slightly acid with hydrochloric acid, be precipitated at boiling 
with an excess of 20 percent barium chlorid. After standing 
over night, the supernatant liquid should be filtered off and 
the residue boiled 30 minutes with 125 cc. of water containing 
a little nitric acid and allowed to settle. The supernatant 
liquid should be put through the same filter, and the process 
repeated until the precipitate is free from chlorid. The com-
bined wash waters are collected and the portion of precipitate 
on the paper washed into the same beaker. The suspension is 
boiled down to 200 cc., 2 cc. of saturated barium nitrate added, 
cooled, and the precipitate allowed to settle 30 minutes. The 
precipitate is then filtered, washed, and the main precipitate 
added, and the whole dried at 1000 C. The paper is incinerated 
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separately, the ash added to the precipitate and the whole 
ignited to constant weight. No comment was offered as to the 
mechanism of the reaction. 
Before discussing the most recent work on this subject, 
which differs from each theory and resembles each in part, it 
would perhaps be expedient to consider the other theory, since 
later developments point more or less to a combination of the 
two ideas. Hulett and Duschak3 3 proved that barium sulfate 
precipitated by barium chlorid always contained chlorid, and 
devised a method for determining this chlorid, which may run 
as high as 1 percent of the total precipitate, and can not be 
washed out, nor removed from the precipitate by any of the 
ordinary devices. They demonstrated that barium sulfate, 
dried below 300 0 C. remains constant in weight, whereas a con-
siderable loss occurs between 325' and 600' , which is due to the 
volatilization of a liquid consisting mainly of hydrochloric acid 
and water. There was no definite ratio between the chlorine 
remaining in the precipitate and that given off as hydro-
chloric acid. The loss of chlorine occurs even when the sulfate 
is precipitated in neutral or alkaline solution and irrespective 
of the other conditions under which precipitation occurs. At 
700' C., they claimed that the precipitate contained only barium 
sulfate and barium chlorid as shown in their experiments and, 
ignited at this temperature but below 900 0 C., it was neutral 
to phenolphthalein. Above 900 0 it became alkaline, but not 
because of dissociation of barium sulfate which decomposes 
only above 1400 ' C. 
Hulett and Duschak believe that these points are explained 
on the assumption, in part verified by experiments of other 
investigators, that barium chlorid and sulfuric acid ionize in 
stages as 
./ 80 ........ 
CI 
CI 
---?>-> Bda+ci BaCl - Ba+CI 
H -O "", 0 H-O '- "'" 0 + 
........ S " --7>7 -0; S ' 0 +H 
H-G ./ " 0 
H - O ........ / 0 5, 
- 0 ./ 0 
+ 
---7> S~ + H 
These ions, if present, are capable of forming the following 
three salts: 
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which we will call for convenience I, II and III. II is capable 
of yielding hydrochloric acid on ignition and a mixture of I 
and III could also yield hydrochloric acid. These salts could 
only be present in small amounts owing to the rapid removal 
++ 
of Ba and S04 ions; if formed, they must either be isomorphous 
with barium sulfate and insoluble, or form a solid solution 
with it. Since barium chlorid crystallizes in the same system 
as barium sulfate, it could also be carried down as such: but 
a reaction with water would be necessary in this case to liber-
ate hydrochloric acid and this necessitates an alkaline residue 
which the authors have not found at 700· C. 
Barium sulfate prepared from barium hydroxid and sul-
furic acid, which, after becoming coarsely granular, was sus-
pended in barium chlorid solution, did not take up chlorine, 
thus disproving the theory of adsorption for impure crystal-
line precipitates (in the sense of a surface phenomenon) . If, 
however, the precipitate was still finely divided, considerable 
chlorine was adsorbed; but the volatile chlorine was present 
in much smaller amounts. They conclude that the irregular-
ities are not due to surface adsorption or occlusion, but rather 
to a case of isomorphism, in which one component is r eadily, 
the other difficulty, soluble; that diffusion does not occur in 
++ 
mixed crystals and, lastly, that Ba or S04 ions may be accur-
ately determined in the absence of BaX' ions or MSO' 4 ions. 
This last was shown in a series of experiments where BaPt 
(CN ) 4 . 4H20 was used to precipitate magnesium sulfate (a 
salt of a dibasic acid and of a diacidic base) in which the re-
sults were most accurate. 
Silberberger3 4 inclined to similar vie"ws and attempted to 
isolate certain complex salts which might occur in analysis. 
He succeeded in preparing H6A12 (S04) 6.7H20 which decom-
poses fairly rapidly in water. In attempting to prepare Bag 
A12 (S04) 6' he obtained a salt of fairly definite composition, 
but one which could not be formulated; from certain con-
siderations, he concluded that it was a decomposition product 
of the salt he sought. Nor could he isolate the analogous 
chromium salt. But he did obtain double salts of barium and 
potassium which he formulates as follows: . 
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and 
/ CI 
8q ~O ~O ~S~ 
0 / ' 0 
& / 
~O ./0 
~S.,r 
0 / "-0 
& / 
~ O~ / 0 
s 
K- O/ ' 0 
The nitrate salt was only partially decomposed by ,vater or 
dilute hydrochloric acid, and was only partially dissociated in 
water. Silberberger claimed that this proves the futility of 
attempting to remove the impurity from the precipitate by 
washing or digestion, and recommended solution in sulfuric 
acid and reprecipitation as the best method of obtaining ac-
curate results. 
Folin 3 5, in standardizing the method of sulfur determina-
tion in urine, worked along the lines suggested by Hulett and 
Duschak. He proved that the precipitate of barium sulfate 
also loses sulfuric acid under certain conditions of precipita-
tion, and outlined the conditions under which either high or 
low results could be obtained. He pointed out that Hulett 
and Duschak's hypothetical salts were not the only ones pos-
sible; where sulfur is to be estimated in metallic sulfates, salts 
of the type M-O ., 0 may exist as well as the others. 
""""""S' 0 / ' 0 
Ba / 
............ 
O""""""s/ O 
M- O/'-O 
Here M may be any univalent element. Folin's main idea 
was to standardize precipitation methods of sulfur so as to ob-
tain the most concordant results, at the same time striving 
to have the various errors so compensate each other as to attain 
analyses as nearly as possible corresponding to the theoretical 
values. Consequently, he investigated very thoroly the effect 
of acidity, excess of precipitant, heating, stirring and rate 
of precipitation, filtering, washing and ignition, and also, the 
effect of sodium, potassium and ammonium salts. He proved 
that potassium salts exert a very disturbing effect on the 
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accuracy of the analysis which is, in part, counteracted by 
an excess of sodium salts, in the ratio of 1 to 4. This action 
he attributed to the formation of larger quantities of the 
salt III of Hulett and Duschak's series. The board of referees 
on insecticide work in proposing a method for determining 
total sulfur in lime sulfur solutions referred to Folin's work. 
In brief, the best agreeing results are obtained by working in 
a 0.66 to 0.75 percent (volume) solution of hydrochloric acid, 
precipitating drop by drop with a small excess of 10 percent 
barium chlorid in hot solution, the total volume of solution be-
ing adjusted so as to contain about 1.5 to 3.0 mgs. barium sulfate 
per cc. The precipitates should stand twelve hours before 
filtering, and be washed with cold water. A Gooch crucible 
is very satisfactory. 
The most recent works of importance are the exhaustive 
studies of Allen and Johnston36 and of Johnston and Adams37 . 
These researches are too complicated to admit of full abstrac-
tion, but to summarize very briefly, Allen and Johnston found 
that the solubility of barium sulfate is hardly affected by 
alkali chlorides and depends chiefly upon acidity of the solu-
tion. All alkali sulfates are absorbed by the precipitate, mag-
nesium being apparently least susceptible. The selective ad-
sorption points to a solid solution. Barium sulfate precipitated 
from alkali sulfates always contains some" free" sulfuric acid, 
possibly taken up as an acid sulfate of the alkali, due to the 
presence of free acid and varying directly with it to a ceJ'tain 
point. Alkali chlorides increase this error considerably, caus-
ing errors as high as 1.7 percent. The precipitates also con-
tain barium chlorid, which increases in quantity with the 
rapidity of precipitation; since the amount depends upon the 
fineness of the precipitate, it is probably a case of adsorption. 
Other impurities decrease with rapid precipitation. Nitrates 
are also held by the precipitate, causing high results. Allen 
and Johnston recolllmended a series of conditions under which 
to precipitate sulfur and showed how to apply corrections for 
t.he above errors. It appears from their article that all uncor-
rected results which are in accord with theory are due to 
a compensation of errors; that is, under usual precipitation 
conditions. 
The theory of the reaction as investigated by Allen and 
Johnston may be summed up as follows: Some Na HS0 4 , form-
ed by the ionization of sodium sulfate in acid solution, is car-
ried down with the precipitate as well as barium chlorid. On 
ignition, the following reaction occurs: 
BaOl2 + 4 NaHS04 = BaS04 + Na2S04 + 2 HOI. 
The bisulfate usually occurs in excess and some sulfuric acid 
is lost when this is heated. Under these conditions, results 
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are low, since some sodium sulfate is weighed as barium sul-
fate. Where chlorides are present in excess, results are high: 
in Hulett and Duschak's method, for example, no sulfuric acid 
was lost and practically all the results were high. 
Johnston and Adams investigated ' , occlusion" of other 
elements. They found that the amount of foreign salt absorbed 
depends upon the composition of the original solution, and up-
on the fineness of grain of the precipitate. The latter factor 
depends upon the solubility of barium sulfate in the medium 
from which it was precipitated, the rate of precipitation and 
the time and manner of standing between precipitation and 
filtration. Occlusion was investig'ated with chlorides of mag-
nesium, lithium, sodium, potassium, aluminium, ferrous iron, 
nickel, copper, zinc, manganese and cadmium, at three con-
centrations, and under the conditions employed, 1t is of the 
same order of magnitude for all the met als and nearly identical 
for similar metals. Increase in acidity causes a slow decrease 
of occlusion. Crystals of barium sulhte prepared by diffu-
sion at 1000 C. contained no chlorid and very little sodium 
sulfate j this point, they claim, disposes of the idea of a solid 
solution, because the concentration vf impurities decreases 
with time rather than increases. Again, the amount of im-
purities decreased slowly with the time of standing before fil-
tration j by plotting the amounts of occlusion (m) against the 
logarithm of time (t, expressed in days), a straight line ap-
peared. This corresponds to the equation used to express ad· 
sorption and diffusion phenomena. 
m = a + b log t, or t = ceKm 
This is a further proof that the phenomenon is not one of solid 
solution or of compounds. Acid digestion is effective in dimin-
ishing occlusion only as it increases the rate of recrystallization 
of the precipitate, a function of the solubility of barium sulfate 
in acids. It is pointed out that the figures quoted in the 
articles by Schneider, Creighton and themselves are not abso-
lute physical constants j they are definite only under definite 
conditions. 
In summing up, the occlusion vE.ries with the fineness of 
the precipitate, which factor is controlled by the concentra-
tion of the salts present, the rate of precipitation, the solubility 
of barium sulfate in the supernatant liquid and the age of the 
precipitate at filtration. It is consequently an instance of 
adsorption, a surface phenomenon, dependent upon the compo-
sition of the original material, the initial fineness of the pre-
cipitate and the amount of recrystallization which has occurred 
before estimation. Johnston and Adams also attempted to out-
line a method for determining sulfur which would be generally 
applicable j by working in high acid concentrations, the errors 
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introduced are diminished, but barium sulfate goes thru into 
the filtrate and must be recovered. The results agTee fairly 
well, due to compensation of errors. It is recommended that 
all sulfur analyses be calibrated against a solution of an alkali 
sulfate, made up to resemble the sample as nearly as possible. 
Turner38 obtained concordant results in the analysis of 
copper sulfate in solution with sodium chlorid by removing 
sodium salts with strong hydrochloric acid: he states that the 
results are probably due to a balancing of errors. 
From the lengthy list of articles reviewed, it is patent that 
there is still room for evidence for and against the various ar-
guments proposed. No two investigators have worked under 
identical conditions, and the results obtained are therefore, not 
entirely comparable. Furthermore, none of the investigators 
has worked with quantities of sulfate equivalent to the amounts 
one is obliged to handle in insecticide work, nor are the con-
ditions entirely applicable. It was sought, therefore, to test 
out these particular points and, if possible, to throw further 
light upon the subject. The writers are not able to advance 
a new theory as to the mechanism of the phenomena observed at 
the present time. Some of the data obtained upholcl the state-
ments of previous investigators, some contradict them. Con-
siderable negative evidence upon isolated points in the theory 
is presented; in the end it must be stated, with our predeces-
sors in the work, that a simple method for determining sulfur 
by barium chlorid precipitation seems impossible. These 1'e-
sults may prove valuable to the insecticide chemist. 
The preliminary experiments were conducted \\'ithout a 
full kno'wledge of the literature and consequently much need-
less work was carried out. These results were read at the 1914 
meeting of the American Chemical Society at Cincinnati and 
may be briefly summarized. Iron, calcium, sodium and potas-
sium salts, under the early conditions of experiment, were 
found to cause high results. Precipitates ignited with the 
paper, gave irregular resalts; moistening with either nitric or 
sulfuric acid rendered them more acceptable. The impurities 
could not be entirely removed by hydrochloric acid digestion 
nor by solution in strong sulfuric acid and reprecipitation. In 
view of more recent work, it is thought best to omit all further 
details. 
EXPERIMENTAL 
Exper£mmts wt'tlt potassium sulfate 
Kahlbaum's potassium sulfate was recrystallized once 
from water, heated in platinum to 800 0 C. and, on cooling, the 
mass was finely ground in an agate mortar and bottled while 
403 
still warm. It was kept in a desiccator over sulfuric acid. Of 
this preparation, 26.1412 gms. was weighed out and made up to 
2 liters at 20° C. Ten cc., therefore, contained sulfur equiva-
lent to 0.1751 gm. of barium sulfate. This solution was measured 
from burettes which had been calibrated by weighing the water 
delivered in drawing 50 cc., 45 cc., 40 cc., etc., and from these 
results a curve was plotted to show the corrections necessary. 
All readings were corrected according to this graph. 
In order to determine the effect of sodium, calcium and 
magnesium, solutions of salts of these metals were made as 
follows: Sodium chlorid, free from sulfates, was dissolved 
in water so that 5 cc. contained approximately 1 gm. of the salt: 
magnesium chlorid, free from sulfates, was made up so that 5 
cc. contained approximately one gram of MgC12.6H20. Fifty 
grams of calcium carbonate were dissolved in exactly enough 
hydrochloric acid, and after boiling out carbon dioxid, the solu-
tion was diluted so that 4 cc. contained approximately 1 gm. of 
calcium chlorid. In order to duplicate the conditions when 
sulfur is estimated in lime sulfur solution, sodium peroxid was 
dissolved in water, the hydrogen peroxid decomposed and the 
excess oxygen driven out by boiling; on cooling, the solution 
was exactly neutralized with hydrochloric acid. The volume of 
this solution was adjusted so that 1 cc. contained sodium 
chlorid equivalent to 1 gm. of sodium peroxid. It was also sul-
fate free. 
The hydrochloric acid used was the C. P. concentrated 
acid of commerce; for this work it was not distilled. The solu-
tions were acidified at first by measuring the acid in a small 
cylinder, later by running in definite amounts of acid from a 
dropping pipette. Barium chlorid was made up in solutions 
containing approximately 5 to 10 gms. of crystallized salt per 
hundred cc. of water. At first, various types of dropping tubes 
were made, as outlined by Folin35 and others, but eventually 
the system of running in a definite number of cc. per minute 
from a burette was adopted, as it is fairly easv to maintain a 
definite, almost constant rate after a little practice, whereas 
dropping tubes deliver much more rapidly when tun than when 
half empty. 
The following example will serve to illustrate the method of 
manipulation followed: Ten cc. of potassium sulfate solution 
(corrected, 10.02 cc.) was run into a 300 cc. beaker, 3.5 cc. con-
centrated hydrochloric acid added, and volume made up to 175 
cc. without the reagents and heated. Seven cc. of 10 percent 
barium chlorid was added, at the rate of 4 cc. per minute, to the 
boiling solution and the covered beaker allowed to stand over 
night. After decanting, the precipitate was carefully washed 
and the beaker policed with hot water until free from all 
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chlorides. Porcelain Gooch crucibles with asbestos mats were 
used for all filtrations and no difficulty was experienced in ob-
TABLE I.-GENERAL EXPERIMENTS WITH POTASSIUM 
SULFATE. 
Concen tra tion in U U 
'" 
Gm. Equivalents per ;!:; 
'" OJ Liter X 10-'. ~'-' ;:: .'-' 
<.l<.l <.l 
'" " 
~ rn 
. K,sa·1 I 0 0 HCI BaCh u ~ 
0.77 17.97 2.94 3.5 
I 
7 
0.77 17.97 2.94 3.5 7 
0.77 17.97 2 .94 3 .5 7 
0.77 17.97 2.94 3.5 7 
A 0.77 17.97 2.94 3.5 7 
0.78 17.97 2.94 3.5 7 
0.77 17.97 2.94 3.5 7 
0.77 17.97 2.94 3 .5 7 
1.00 23.36 3.82 3.5 7 
1.00 23. 36 3.82 3.5 7 
1.00 23.36 3.82 3.5 7 
B 1.00 11.68 3.82 1. 75 7 
'1.00 
/ 
11.68 I 3.82 1. 7 5 7 1.08 18.77 3.58 3.00 7 
1. 08 18.77 3.58 3.00 7 
0.80 17.87 2.92 5.00 10 
0.80 17.8 7 2.92 5.00 10 
C 0.80 17.87 2.92 5.00 10 
0.80 17.87 2.92 5.00 10 
0 .81 17.87 2.92 
1 
5.00 10 
I 
0.88 19.62 3.21 5.00/ 10 
D 0.89 19.62 3.21 
) 
!'i.00 10 
0.88 19.62 3.21 5.001 10 
E 1.04 20.02 3.27 illl 10 1.04 20.02 3.27 10 
0.90 10.01 3.27 2.50 10 
F 0.90 10.01 3.27 2. 50 10 
0.90 10.01 3 .27 2.50 10 
) 
1. 73 20.02 0.46 3.00 10 
G '1.73 20.02 5.46 3.00 10 
1.73 20.02 5.46 3 .00 10 
0.86 20.02 2.34 7.00 10 
0.86 20.02 2.34 7 .00 10 
H 0.86 20 .02 2 .34 7.00 10 
0.85 20.0 .2 2.34 7.00 10 
0.86 20.02 2.34 7.00 10 
I 1.16 20.02 2.73 6.00 10 
1.15 20.02 I 2.73 6.00 10 
J 1.33 23.10 3.15 6.00 10 
1.33 23.10 3.15 6.00 10 
0.90 20.26 1.95 8.50 10 
K 
l 
0.89 20.26 1.95 8.50 10 
0.89 20 .26 1. 95 8.50 10 
L 1.67 20.02 2.73 9.00 15 
I 1.67 I 20.02 I 2.73 \ 9.00\ 15 
I I I I 
M I 1.82 \ 18 .91\ 1~.59 9.00 15 I 1.82 18.96 2.59 9.00 15 
~__ I_-
I 
I 
0 
>-
-'-' ~<.l 
0 
'"' 
195 
195 
195 
195 
195 
195 
195 
195 
150 
150 
150 
150 
150 
160 
160 
280 
280 
280 
280 
280 
255 
255 
255 
250 
2 50 
250 
250 
250 
150 
150 
150 
350 
350 
350 
350 
350 
300 
300 
260 
260 
420 
420 
420 
450 
450 
475 
475 
I 
I 
B 
A 
Po. 
.... <3 
0'" 
iil'" 
a 
E:: 
105 I 
105 
105 
105 
105 
105 
105 
105 
-
-
-
-
-
-
-
150 
150 
150 
150 
150 
150 
150 
1 50 
~ 
\ -
-
-
-
Ave. 
110 
sec. 
-
-
-
-
-
-
-
-
-
-
-
-
-
BaSa. equivalent to 
K,Sa. 
om Grams Grams 
,-"" Taken Found ~:;a 
.1755 .1753 -0.2 
.1755 .1753 -0.2 
.1755 .1762 +0.7 
.1744 . 1761 1.7 
.1744 .1755 + 1.1 
.17 65 .1779 + 1.4 
.17 5 3 .1754 , U.l 
.1742 .17 53 t- 1.1 
.1755 .175 ·\ 1- 0 .1 
.17 5 5 .1754 1-0.1 
.1755 .17 6 1 /t- O.6 
.17 5 5 .1741 ~ 1.4 
.1746 .1725 1-2.1 
.2025 .2031 1tO.6 
.2025 .2028 0.3 
.2628 .2 632 + 0.4 
.2627 .26 3 1 + 0.4 
.2628 .2634 t o.6 
.2618 .2629 1.1 
.2635 .2644 +0.9 
.2616 .26 3 0 
1+ 1.4 .2642 .2650 0.8 
.2618 .2618 0.0 
.3034 I .3044 \+ 1.0 
.3032 .3023 -0.9 
.2618 .263 3 +1.5 
.2635 .2637 1+ 0 .2 
.26 3 0 .26 30 0.0 
I 
.3042 .3052 
1+ 1.0 .3034 .3060 2. 6 
.3028 .3045 
.+ 1.7 
I 
.3 509 .3492 i=U .3500 .3486 
.3518 .3516 1-0 .2 
.3488 .350 3 + 1.0 
.3509 .3506 1-0.3 
.4050 .4049 1-0. 1 
.4040 .4037 -0.3 
.4050 .4047 1-0 .3 
.4040 .4057 + 1.7 
.4395 .4397 + 0.2 
. 4383 .4377 -0.6 
.4365 .4386 +2.1 
.8764 .8673 -9.1 
.8764 .8758 -0.6 
1.0116 1.0078 -3.8 
1.0116 1.0086 -3.0 
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taining clear filtrates except in one or two special cases. Fif-
teen washings with small amounts of water were considered 
sufficient to remove soluble chlorides: many qualitative tests 
failed to show chlorine in the washings beyond this point. In 
the earlier work (on potassium sulfate as a whole) the amount 
of wash water used was not measured, nor were the conditions 
of w'ork as accurate as could be desired; that is, the total 
volume was not measured so carefully nor was the water used 
in policing the beaker taken into account as a source of error 
(due to the slight, but not entirely negligible solubility of 
barium sulfate in water). The whole series may be considered 
as preliminary work, and results are only quoted to show the 
magnitude of errors which may occur in sulfate determination 
under conditions only slightly better than in commercial lab-
oratory work. All precipitates were ignited in an electric 
muffle furnace to a temperature averaging between 750 and 
800 0 C. The observed temperatures were obtained by readings 
from a Hoskins Pyrometer (not standardized by the authors). 
The crucibles were always ignited to constant weight; usually 
two ignitions sufficed. The temperature was raised gradually 
to a bright red heat, which required at least an hour, and this 
was deemed sufficient heating. In the work on potassium 
sulfate, the Gooches were used for several determinations, that 
being a common practice in many laboratories; when a gram 
or so of precipitate had been collected, the crucible was cleaned 
and a fresh one substituted. 
Table I quotes the results obtained on precipitating various 
amounts of potassium sulfate solution (two strengths) under 
conditions of nearly constant hydrochloric acid concentration. 
It was desired, in most of the individual series in table I, to 
keep the other factors (barium chlorid concentr ation, p ~ ta:, ~in t:l 
sulfate concentration) at a definite ratio also. What with slight 
variations in drawing samples, and manipulatory errors in 
making up the solutions, the results are not regular enough to 
permit any but the simplest deductions. The general condi-
tions follow those recommended by Folin3 5, with the exception 
of Series Land M, where the ratio of mgs. barium sulfate to 
total volume is approximately doubled; the ratio tested was 
1.0 to 1.5 mgms. barium sulfate per cc. solution. The acidity is 
approximately 2 percent by volume of concentrated acid. 
Barium chlorid was always used in considerable excess, as 
recommended, and its ratio to sulfate varies from approx-
imately 1 :15 (Series M ) to 1:4 (Series A ) . It will be 
noted that the most concordant series are" C" and "I"; where 
the concentration of p otassium sulfate is gfeatly increased 
(Series Land l\'[ ) the results are very low. It is patent from 
these rather long series, that the mere coincidence of two dupli-
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cate analyses checking closely, is no ground for believing the 
results to be accurate (note Series H, 1 and 2, 3 and 5) . 
An interesting point is that the errors do not increase 
proportionally when the amount of sulfate taken is doubled or 
tripled, other conditions remaining in the same approximate 
ratio; if the phenomenon causing the adhesion was solely due 
to adsorption, one would expect a steady increase or decrease 
of the value of the error, because the total surface capable 
of adsorption would be proportionally greater. This is true 
because the concentrations of the other components of the sys-
tem and the conditions of precipitation remained roughly con-
stant; thus the size of barium sulfate particles was necessarily . 
similar, and the adsorbing surface should have been propor-
tionally increased (Compare Series A and C). But the double 
salts of Hulett and Duschak, Folin and others, do not offer 
a better explanation; at a definite concentration, the same per-
centage of intermediate ions may be assumed to exist in solu-
tion, regardless of the absolute quantity of alkali sulfate or 
barium chlorid taken; the quantity of double or complex salts 
formed and carried down with the precipitate should be pro-
portionately increased, and it might be expected that the errors 
would show a similar proportionality. 
Table II contains a selected number of analyses showing 
the effects of added salts upon the accuracy of the determina-
tion; potassium sulfate being used. 
Under the conditions chosen, the results obtained when 
sodium chlorid was present are indeterminate. It is interesting 
to note that with the sodium chlorid formed from commercial 
sodium peroxid, nearly all the results are decidedly higher 
(compare averages of Series A and E, Band G). Series F 
apparently shows a definite relation between the concentration 
of barium chlorid and of sodium chlorid; Richards and Parker 
26 pointed out that the amount of chlorine in the precipitate 
(probably as barium chlorid) was increased by excess of 
chlorine ion. Here, apparently is a contradictory result: it is 
highly probable, however, that the introduction of a triple 
amount of sodium chlorid caused the precipitate to take up 
more of the latter, and less of barium chlorid, thus decreasing 
the total weight of the barium sulfate and yielding lower re-
sults. Folin35 , it will be remembered, advised the use of con-
sidera ble amounts of sodium chlorid to reduce the error oc-
casioned by the presence of potash salts: this is probably a 
similar instance. Thl;) work on :"odium sulfate, later in this 
bulletin, gives further evidence 011 the point in G.uestion. 
The experiments with calcium show the uncertainty of 
analyses made under these conditions: the authMs are not able 
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TABLE n .-THE EFFECT OF ADDED SALTS UPO:\T THE ACCUlt-
ACY OF THE DETERMINATION OF SULFUR AS BaSO,. 
Concentration in / <3 3 
'" 
Gm. I?quivalenLs per 0 
'" 
0- 0 ;J; lJ'" oow p... ;> 
'" 
Liter x 1 0-' 0 '" .;:: -08 ~ '" _0 OU 0" 0'" 
'" 
~u <>-0 Zl'" rn 
K,SO. [ 1 BaC t, 
c: 
-0 
'" 
0 oj 
-0 a 0 HCl u CQ 
-< <-E:: 
Etrect of Addition of NaCl 
2. 73 17.09 2.~0 3.5 ~ ~ 19~ ~g~ A 0.73 17.09 2.80 3.5 2 
0.73 17.09 2.80 3.5 7 2 105 205 
0.78 17.26 2.82 5.0 10 2 150 290 
B 0.78 17.26 2.82 5.0 10 2 150 290 
0.78 17.26 2.82 5.0 10 2 150 290 
C 0.86 20.02 2.34 7.0 10 2 150 350 
1.3 3 23.10 3.15 6.0 10 
D 1. 33 23.10 3.15 6.0 10 2 - 260 
1.33 23. 10 3.15 6.0 10 2 - 260 
13aS04 equivalent LO 
K,SO. 
Grams Grams ;:: g), L~~l~' Taken Found t4::;;: 
:g~~ I :~ 
.1755 .1 
.2627j .2 
.2628 .2 
.2627 .2 
.3500 II .3 
.4 
.4050 .4 
.4050 .4 
751- ·- 0~4 
749 -0 .6 
750 -0.5 
632 -+-0 .5 
627 -v . 1 
633 +0.6 
514 '+1.4 
043 -0.7 
051 +0 .1 
036 - 1.4 
--- -
2 -1260 
-- --- .. 
.4050 1 
-
E - 0-:-75 
0.75 
0.86 
F 0.86 
0.86 
0.86 
G 0.90 
0.90 
1.67 
II 1.67 
1.67 
0.75 
0.75 
0.75 
0.79 
.J 0 . 79 
0.79 
0.79 
0 .86 
K 0.86 
0 .85 
0.85 
L 
I 
0.90 
0.91 
M 0.86 
0.86 
/ 1.33 N 1.33 
_1..33_ 
17-:-52 
17 .52 
20.02 
20.02 
20.02 
20.02 
20 .02 
20 .02 
20.02 
20.02 
20 . 02 
Etrect of Na,02 neutralized by HC!. 
2. 7 3.5--7 -C-T05--200-1-17 55- -: 1762 +0 .7 
2.87 3.5 7 1 105 200 .1755 .1768 + 1. 3 
2.34 7.0 10 1 350 
2.~4 7.0 10 1 350 
2.34 7.0 10 3 350 
2.34 7.0 10 3 350 
3.28 5.0 10 250 
3.28 5.0 10 250 
2.73 9.0 15 3 450 
2.73 9 .0 15 3 450 
2.73 9.0 15 3 450 
----- -------
Etrect of Addition of CaCE. 
.3509 .3526 
.3500 .3523 
.3500 .350 4 
.3500 .3505 
.2630 .2632 
.~618 .2634 
+- 1. 7 
, 2 .3 
+0 .4 
,0 .5 
+0.2 
+ 1.6 
j : g~1 :~~~i ±U 
--'.8'U8 _ --,-8 75 8_ +1.0 
17.52 - C - 105-1- 200 - --:-1755 -
17. 52 1 105 200 .1 755 
17.52 1 105 200 .175 5 
2.87 3.5 ~ 2.87 3 .5 
2 .87 3.5 7 
.1760 1+0-.-5' 
.1756 +- 0.1 
.1757 + 0.2 
17.56 
17.56 
17.56 
17.56 
20.02 
20.02 
20.02 
20.02 
20 .02 
20.02 
20.02 
20.02 
a 
23.10 
23.1 
23.10 
2.87 5.0 10 285 .2628 
2.87 5.0 10 285 .2627 
2.87 5.0 10 285 .2628 
2.87 5 .0 10 285 .2627 
2.34 7.0 10 350 .3509 
2.34 7.0 10 350 .3513 
2.34 7.0 10 350 .3488 
2.34 7.0 10 350 .3488 
3.n 5.0 10 250 .26 16 
3.27 5.0 10 250 .2642 
2.34 7.0 10 350 .3509 
2.34 7.0 10 ;'50 .3509 
I 
3.15 'I 6.0 10 3.15 6.0 10 
3.15 6.0 10 
I 260.4 040 
1 - 260 I .4040 
1 - 260 .4040 
- -----
Effect of AddItion of MgCl,. 
.2639 '- '1.1 
.2638 + 1.1 
.264 I 1 1.3 
.26 39 . +- 1.2 
.3507 1-0.2 
.3512 -0.1 
.3485 /- 0.3 
.349 I +0.3 
.262 I +0.5 
.264 1 1-0.1 
I 
.H6~ '1 - 4.1 
.3469 /- ..0 
.40 03 \-3. 7 
.3766 -7.4 
.-lOO ~ 
a ! 0.75 17.52 2.87 3.5 -- 1- 0.75- 1 - 17.52 - - 2.87--3~5 I 0 .75 17.52 2.87 3 .5 
- 7 
7 
.7 
-2- - 105-1--20-grI755-I.T7'iiO 
2 105 200 .17 55 .17 91 
2 105 200 .1755 .'1 777 
I L :U) t 3 . 6 2.2 
2 150 \ 285 .2628 .2676 H.8 
.2648 + 2.1 
.2656 +-2 .9 
p 
Q 
0 .79 
0.79 
0.79 
0.86 
0.86 
0.86 
17.56 
17.56 
17.56 
20.02 
20.02 
20.02 
2 .87 5 .0 
2.87 5.0 
2.87 5.0 
2.34 7.0 
2.34 7.0 
2.34 7.0 
10 
10 
10 
10 
10 
10 
2 '150 I 285 .2527 
2 150 [ 285 .2627 
2 150 13 50 .3509 .353 2 /+ 2.3 
2 150 350 .3500 / .3527 +2. 7 
2 150 350 .3518 .3553 1+ 3.5 
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to account for the exceedingly low figures of Series M and N 
by any mechanical loss. 
Magnesium gave uniformly high results, a fact which con-
tradicts the results of other investigators39 . With these few 
observations in mind on the behavior of the precipitate when 
sulfur is to be estimated in the presence of even small amounts 
of potash salts, it is safe to state that where possible in an 
analysis, reagents containing potassium should be assiduously 
avoided, since all results obtained in the presence of potash 
salts are irregular and incapable of correct interpretation. 
Experiments 'With Sodium Sui/ate 
The variations noted in the work on potassium sulfate 
aside from theoretical considerations may be in part attributed 
to errors in burette readings, the repeated use of Gooch cruci-
bles, solubility of barium sulfate in the wash water which vvas 
not measured in this set, and to slight changes in concentration 
of the various substances in the system. 
In the series of analyses novv to be discussed, it was at-
tempted to avoid as many of the above sources of error as pos-
sible. At first, all samples of sulfate solution were drawn from 
the same portion of the burette, to insure uniform quantities, 
and to minimize drainage errors. Gooches were emptied and 
made over after being used for one determination for the rea-
son that the precipitates after ignition were found to contain 
small amounts of soluble substances, which were of course, 
dissolved in the process of washing a second precipitate thus 
causing an error. Losses due to the solubility of barium sul-
fate in water and dilute acids were not estimated, because in 
laboratory routine, the procedure is too long for practical use, 
and, except in a few cases, the amounts of sulfate recovered 
are too small to cause a serious discrepancy. By working 
under similar conditions, that is, washing with a uniform 
amount of cold water, the amount of barium sulfate lost should 
be practically uniform and this was assumed to be the case for 
low acid concentrations, and negligible. Acid was added more 
carefully (a standardized pipette, graduated at 1/10 cc. inter-
vals was used) and the barium chlorid was added from a cal-
ibrated burette. 
Folin, Johnston and Adams, and Allen and Johnston* 
recommended different strengths of precipitant, added in 
slightly different ways. In these analyses, no perceptible 
variation was noted, whether the chlorid was added by run-
ning down the side of the beaker or dropped directly into the 
* See bibli ogTapll Y. 
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solution: the former method is perhaps preferable, because 
all danger of loss by spattering is avoided. A few prelir;ninary 
experiments were carried out to determine the strength of 
barium chlorid solution best adapted for use and the rate at 
which it should be added: stirring during precipitation was 
avoided because many investigators have shown that it in-
creases the amount of impurity carried down. Very dilute 
barium chlorid solution was also rejected because Folin showed 
that a precipitate obtained by using a 2.5 percent solution 
always lost sulfuric acid, a fact substantiated by ourselves in 
several qualitative tests. 
The sodium sulfate solution was prepared from a Bakel' 's 
preparation which had been once recrystallized from "'ater, 
heated in platinum to 800° C.: 19.0157 gms. of the dry pul-
verized salt was weighed out and made to 2 liters at 20°. This 
solution vvas used only for the early part of the work. Fresh 
solutions of sodium, calcium and magnesium chlorides similar 
to those used in the potassium sulfate series were prepared. 
TABLE ilL-THE EFFECT OF VARIOUS RATES OF ADDITION 
OF BARIUM CHLORID IN DEFINITE QUANTITY AND OF 
VARYING STRENGTH AT CONSTANT VOLUME AND ACID-
ITY. 
---.-:--------,--,,-----.-------,._- ----:------------
Concentration in i:l I 
Gm. Equivalents BaC" 
'" per Liter X 10-'. C added 
'" - :C-:--I -- ;,:: ~ ~ ~I~ ~ 
A 
0.89 20.02 2.73 3.0 5 I 10 0.89 20.02 2.73 3.0 5 10 
0.89 20.02 2.73 3.0 5 10 
0.89 20.02 2.73 3.0 10 5 
B 0.89 20.02 2.73 3.0 10 5 
0.89 20.02 2.73 3.0 10 5 
0.89 20.02 2.73 3.0 10 5 
c 0.89 20.02 2.73 3.0 10 5 
0.89 20.02 2.73 3.0 10 5 
0.89 20.02 2.73 3.0 5 10 
D 0 .89 20.02 2.73 3.0 5 10 
0.89 20.02 2.73 3.0 5 10 
0.89 20.02 2.73 3.0 10 5 
E 0.89 20.02 2.73 3 .0 10 5 
0.89 20.02 2.73 3.0 10 5 
0.89 20.02 2.73 4.5 15 5 
G 0.89 20.02 2.73 4.5 15 5 
0.89 20.02 2.73 4.5 15 5 
150 60 I 150 60 
150 60 
150 60 
150 56 
150 58 
150 122 
150 124 
150 116 
150 123 
150 118 
150 115 
150 238 
1 50 243 
150 238 
225 150 
225 1 54 
225 148 
BaSO. equivalent to 
Na,SO. 
Grams I Gl'ams 1:_ E_r_ro,-I'_ 
Taken Found I M - I A g,. v. 
.1560 .1571 
IlfJl+ 1.0 .1560 .1563 
.1560 .1575 
.1560 .1563 to.3 .1560 .1567 0 7 +0.7 
.1560 .1571 1.1 
.1560 .1564 
fA 1560 .1566 0.6j+O.7 
.1560 .1572 1.2 
.1560 .1562 
f·2j .1560 ' .1567 0.7 +0.8 
.1560 .1574 1.4 
.1560 .1565 :to.51 
. 1560 .1565 0.5 1+0.7 
.1560 .1571 +1. 11 
.2343 .2355 r·2 j .2343 .2355 1.2 + 1.2 .2343 .2356 1.3, 
It is patent from the above table that there is little choice 
between 5 percent and 10 percent barium chlorid; the time of 
addition is slightly more important. It was decided from a 
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comparison of the individual and average results that 5 per-
cent barium chlorid, added at a rate not exceeding 5 cc. per 
minute, was best adapted to the work in hand. It will be 
noted that the analyses made with 10 percent barium chlorid 
are slightly higher than those with 5 percent reagent (Com-
pare A and B, U and D). In none of these determinations was 
stirring during precipitation resorted to. The sulfate solution 
was boiling hot, the precipitant at room temperature; all pre-
cipitates were allowed to stand over night before filtering. 
Each was washed with cold water (150 cc.) added ill small 
portions, the ' water used in policing the beaker being also 
reckoned. The rest of the proceeding's followed that of former 
senes. 
The question of acid concentration was next studied. 
Folin recommended the precipitation of about 150 mgms. of 
barium sulfate in a volume of 150 cc. containing from 1 to 4 
cc. of concentrated hydrochloric acid. Allen and Johnston 
recommended the precipitation of about 2 gms. of barium sul-
fate in 350 cc. volume with 2 cc. of 2 percent hydrochloric acid; 
they pointed out that the function of a greater quantity of acid 
was simply to hasten recrystallization of the precipitate, be-
cause of the latter's greater solubility in mineral acids. This 
gradually caused the elimination of part of the included sub-
stances. Being concerned chiefly with an accurate approxi-
mate method, and not caring to estimate the quantity of im-
purity in the precipitate, in order to apply corrections, it was 
decided to ascertain if there 'were any definite acid concentra-
tions at which the amount of impurity of the precipitate would 
counterbalance solubility and other losses and so yield results 
which would be acceptable. 
In tables IV and V are recorded two series of analyses 
conducted at concentrations of barium chlorid and sodium sul-
fate which were as nearly as possible identical thruout. each 
series. It must be understood that the values of the "Equiv-
alent Concentrations" in all the tables are approximations 
only; for instance, in the series of table IV, 20 cc. of 5 percent 
barium chlorid was added, the total volume being 300 cc., in-
cluding the reagent. This gives a value of 2.73x10-2 gram 
equivalents per liter, to express the amount of reagent which 
was added. It simply affords an easier method of comparison 
in series where several factors vary. 
The analyses recorded in table IV where the sodium sul-
fate was weighed out directly, are more concordant than in 
previous tables. It is obvious that the conditions which yield 
results that agree most closely with each other and with the 
theoretical quantity of barium sulfate are those of Series D, 
F and B. The precipitates of Series F were alkaline after ig-
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TABLE IV.-THE EFFECT OF ACIDITY ON THE ACCURACY OF 
THE DETERMINAT ION. 
92 
93 
94 
116 
74 
75 
90 
91 
95 
96 
97 
76 
77 
78 
98 
99 
100 
43 
44 
45 
79 
80 
87 
118 
88 
89 
101 
102 
103 
82 
83 
84 
70 
71 
85 
86 
40 
41 
Sample weighed directly 5 % Barium chlorid used 
Concen tra lion in U 
"0 ... BaSO. equivalent 
<Il Gm. Equi valen ts per :l; o .. to Na,SO. 
'" 
LIter X 1('-' eO >. ","''' 
.;:: eO" ~" a;;~ 
Gramsl Grams I' Error '" -- <= ~" E::::p. 
'" Na,so. \ I BaC]' 0 0 HCI u .... Taken Found I Mgs. Av. 
---1--- I 
.3 107 -0.5 1 0.89 2.50 2.73 0.75 300 120 .3112 
A 0.89 2.50 2 .7 3 0.75 300 120 .3112 
.3116 :+:0 .4[ 0.0 0.89 2.50 2.73 0.75 300 120 .3112 .3120 0.8 
0.89 2.50 2 .73 0 .75 300 120 .3112 .3104 ·-O.S 
0.89 5.01 2.73 1.50 300 120 .3112 .~111 -0. 1! 
B 0.89 5.01 2.73 1.50 300 120 .3112 
." '" -0.'[ ' 0.' 0.S9 5.01 2 .73 1.50 300 120 .3 112 
.31 I b -1=0 .3 
0.89 5.01 2.73 1.50 300 120 .3'112 .3117 0.5 
0.89 7.50 2.73 2.25 
I 
300 120 .3112 .3119+0.7 
C 0.89 7.50 2.73 2.25 300 120 .3112 1 
.312! .+0.91+ 1.0 0.89 7.50 2.73 2.25 300 120 
.
3112 1 
.3120 1.3 
0.89 10.01 2.73 3.00 300 120 .3112 
.,'" +0· '1 D 0.S9 10.01 2.73 3.00 300 120 .3112 31081-0.4 -0.1 0.89 10.01 2.73 3.00 300 120 .3 112 .3112 0.0 
0.S9 15.02 2.73 4.50 300 120 .3112 .3123 +1.1 
E 0.S9 15.02 2.73 4.50 300 120 .3112 
.3123 r 1.11+1.1 0.89 15.02 2.73 4.50 300 120 .3112 .3123 +1.1 
0.89 20.02 2 .73 0.00 300 115 .3112 .31 OS -0.4 
F 0.89 20.02 2.73 6.00 300 117 .3112 .3114 +0.2 -0.1 
0.S9 20.02 2.73 6.00 300 121 .3112 .3110 -0.2 
0.89 30.02 2.73 9.00 300 120 .3 112 
.3101 1'-1.1 0.89 30.02 2.73 9.00 300 120 .3112 .3110 -0.2 
G 0.S9 30.02 2.73 9.00 300 120 .3112 .30S0 -3 .2 -1.9 
0.S9 30.02 2.73 9.00 300 120 :~ig l .3104 -0.8 0.89 30.02 2.73 9.00 300 120 .3073 ~3.9 
0.89 30 .02 2 .73 9.00 300 120 .3112 .3090 -2.2 
0 .89 40.03 2.73 12.00 300 120 .3112 .3115 r· 3 H 0.89 40.03 2.73 12.00 300 120 .3112 .3121 0.9 +0.5 0.89 40.03 2.73 12.00 300 120 .3112 .3116 0.4 
I 
0.89 50.04 2.73 15.00 300 120 
.
3112 1 .3103 [-0.9 I 0.89 50.04 2 .73 15.00 300 120 .3112 .3104 -0.8 -0.7 
0.89 50 .01 2.73 15 .00 300 120 .3112 .3108-0.4 
I 
0.89 20.02 2.73 12.00 600 - .6224 1 .62 10 - 1.4 
J 0.89 20.02 2.73 12.00 600 - .6224 .6215 -1.9 -0. 6 
0.89 20.02 2.73 12.00 600 - .6224 .6221 
-0.31 0.89 20.02 2.73 12.00 600 - .6224 .6234 +1.0 
K* 2.82 30.03 - 7.50 250 - .8216 .8146 
-7.01-6.9 
2.82 30.03 - 7.50 250 - .8216 .8147 -6.9 
I 
-- ----
--
*ThiS se l'ies was precipltatecl by 2.5 percent barium chloricl in slight ex-
cess with shaking during precipitation. Note the combined effect of dilute pre-
cipitant and shaking. 
nition, as shown by moistening with phenolphthalein: this was 
a Iso true of many others in the set. A series of washing tests, 
in which pure distilled water was passed thru the precipitates, 
was carried out; the washings were evaporated to low volume 
and the small quantity of solid material (largely barium sul-
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fate) was filtered out. The water solution in nearly every case 
tested strongly for sulfates; chlorides were generally found 
only in traces. 
A most interesting point is that the soluble sulfates are re-
movable only after ignition and then apparently not complete· 
ly. Allen and Johnston stated that 80 to 90 percent of the in-
cluded sodium sulfate could be removed by washing after two 
ignitions; two reprecipitations from solution of the precipi-
tate in concentrated sulfuric acid failed to remove more than 
90 percent. The inference to be drawn is that the sodium sul-
fate is held in a form of chemical combination which is slowly 
decomposed by heating, and may be progressively removed. 
In Series D, table IV, determination No. 77, which yielded 
a low result, after ignition to constant weight, was washed 30 
times with 5 to 10 cc. of water, ignited, weighed, and the oper-
ation repeated twice. Then 150 cc. of hot water was passed 
thru the precipitate and the crucible ignited. This was done 
twice. The total loss in weight after the fifth ignition was 1.6 
mgs. ; the theoretical solubility of barium sulfate in the amount 
of water used was some 2.8 mgs. Yet the washings contained 
distinct quantities of soluble sulfates. Many other tests gave 
similar results. It appears that the amount of soluble sulfate 
and other soluble material in the precipitate is not produced 
or liberated at one time, for many precipitates showed no de-
crease in weight after one or two ignitions, but yielded per-
ceptible quantities of soluble sulfates on continued treatment. 
That these losses in some cases exceeded the theoretical de-
crease in weight calculated from the solubility of barium sul-
fate in hot water, but in most of the experiments recorded did 
not equal it, caused the authors to conclude that the washing 
losses are mainly due to the presence of soluble sulfates, form-
ed slowly by ignition from complex salts or liberated from 
some physical combination during ignition. It has not been 
possible to detect any definite relation between the amounts 
of substance removed by successive washings and ignitions, 
nor in the total loss in weight ·after six treatments as above. 
Neither is there a well defined relation between the error of 
the determination and the amounts lost on washing and ignit-
ing. In a rough way. the precipitate which yielded low ana-
lytical results lost more soluble salts on washing than those 
which gave high values. Similarly, those precipitates thrown 
down at high acid concentration of the mother liquor, yielded 
perceptibly more soluble matter than those which came down 
at low acidity. This fact is in accord with the suggestion that 
the increase of chlorine ion in solution caused the inclusion of 
more soluble salts, yielding low results. 
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TABLE V .. -THE EFFECT OF ACIDITY ON THE ACCURACY Ol<~ 
THE DETERMINATION. 
5 % Barium chlorid used. Na,SO. in standardized solution weighed 
from a weighing burette. 
Concentration in 
\ 
-
I BaSO. equivalen t 
'" 
Gm. Equivalents per u '0 :';dl " ""SO. "'<- Q;) Liter X 10-2 0:: > 
.- Q;) .;:; dd 
-oi sg;~ Error "',Q Q;) <=" ;1" ~s en 
Na,so'l I~\ .- Grams Grams ... Taken \Founrt 1.\'1g~.' 1 Av. 0 0 ~= HC! u ... <i1'; 
128 0.80 2.50 2.73 0.75 300 I 120 .2787 .2788 t o.1 129 A 0.80 2.50 2.73 0.75 300 120 .2787 .2792 0.5 0.0 130 0.80 2.50 2.73 0.75 300 120 .2792 .2786 -0.6 
140 0.80 5.01 2.73 1.50 300 120 .2788 .2796 t o.8 141 B 0.80 5.01 2.73 1.50 300 120 .2790 .2798 0.8 +0.7 142 0.80 5.0 1 2.73 1. 50 300 120 .2790 .2795 +0.5 
144 0.80 7.50 2.73 2.25 300 120 .2796 .2804 r· 8 145 C 0.80 7.50 2.73 2.25 300 120 .2789 .2792 0.3 +.35 31 0.80 7.50 2.73 2.25 300 120 .2795 .2797 0.2 32 0.80 7.50 2.73 2.25 300 120 .2800 .2801 0.1 
131 0.80 10.0 1 2.73 3.00 300 120 .2788 .2804 r· 6 132 D 0.80 10.01 2 .73 3.00 300 120 .2785 .2804 1.9 +1.7 133 0.80 10.01 2.73 3.00 300 120 .2793 .2810 1.7 
134 0.80 20.02 2.73 6.00 300 120 .2791 .2802 r· 1 135 E 0.80 20.02 2.73 6.00 300 120 .2790 .28 12 2.2 + 1.6 136 0.80 20.02 2.73 6.00 300 120 .2785 .2801 1.6 
146 0.80 30.02 2.73 9.00 300 120 .2796 .2804 t o.8 147 F 0.80 30.02 2.73 9.00 300 120 .27 84 .2793 0.9 +0.8 
148 G 0.80 40.03 2.73 12.00 300 120 .27 89 .2796 t o.7 +0.6 149 0.80 40.03 2.73 12 .00 300 120 .2794 .2799 0.5 
137 0.80 50.04 2.73 15 .00 300 120 .2790 .2799 i O.9 138 H 0.80 50.04 2.73 15.00 300 120 .2793 .2798 0.5 +0.5 139 0.80 50.04 2.73 15.00 300 120 .2785 .2787 0.2 
155 I 0.80 70.06 2.73 21.00 300 120 .2791 .2798 t o.7 +0 .5 176 0.80 70.06 2.73 21.00 300 120 .2789 .2793 0.4 
177 0.80 80.07 2.73 24.00 300 120 .2796 .2799 t o.3 178 J 0.80 80.07 2.73 24.00 300 120 .2791 .2808 1.7 +0.7 33 0.80 80.07 2 .73 24.00 300 120 .2818 .2815 -0.3 34 0.80 80.07 2.73 24.00 300 120 .2796 .2786 + 1.0 
150 0.80 100.09 2.73 30.00 300 120 .2793 .2783 
-:-1.0 151 0.80 100.09 2.73 30.00 300 120 .2792 .2794 +0.2 157 K 0.80 100.09 2.73 30.00 300 120 .2785 .2771 -1.4 -0.6 35 0.80 '(00.09 2.73 30.00 300 120 .2788 .2785 -0.3 
36 0.80 100.09 2.73 30.00 300 120 .2794 .2787 -0.7 
In table V, a similar series, showing the effect of acidity 
is shown. Here, however, the sodium sulfate was weighed, in 
solution, from an ordinary weighing burette. The solution 
was standardized by cautiously evaporating weighed portions 
in platinum dishes, igniting the residue and weighing. This 
proved a fairly satisfactory method, altho the final weighings 
had to be made rapidly, because of the hygroscopic nature of 
the salt. In this set, every precaution was taken to insure uni-
formity of all conditions except acidity. The acid was very 
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carefully measured from a standardized dropping pipette of 
10 cc capacity and graduated at .t,,10 cc. intervals. Attention 
is called to the preponderance of high results (except in Ser-
ies lC). The most concordant and most nearly theoretical val-
ues are in Series A, Band C, altho several of the others a ver-
age well. It is apparent that the location of definite acid con-
centrations at which the various errors exactly counterbal-
ance each other has not been successful; the percentage errors 
in most of the series are quite low, considering the small 
amounts of sample used, and on the whole, the results are ac-
ceptable as approximations. Loyv acidity is apparently prefer-
able, and this is in accord with the results of other investiga-
tors. The authors prefer to work at 2 percent acidity or less. 
'Washing tests were made upon the precipitates of table V 
also; after reaching constant weight, 150 cc. of hot water was 
passed thru each sample, and the crucible and contents were 
reignited. In some cases, this was repeated. Table VI shows 
the results of the experiments on some of the determinations 
of the previous table. 
TABLE VI.-WASHING TESTS ON THE IGNITED PRECIPITATES. 
LOSS ~nf~~igllt"n~ Solubility of 
"'"". BaSO, in H,O 
BaSO. 
-"'--1-- .s.~ ~ used I I ~.e6 '0 56 s~s afil ''0 . ~~E §~I><l 0", at 1000 lat 50' E'; ;~ 2~ ~ ~_mgm. mgm' l--==-=-- /3 2 ~:;o ---T-~~---T--- - I -
128 150 0.7 - 0.7 0.6 0.5 .2787 .2788 '+0. 1 
129 A 150 0.3 - 0.3 0.6 0.5 .2787 .2792 +0.5 
130 150 0.6 .- 0.6 0.6 0.5 .2 792 .2 786 -0.6 
31 C 300 0.5 0.3 0.8 1.2 1.0 
1.0 
.2 795 .2797 +0.2 
.2800 .2801 +0.1 32 300 0.4 0.4 0.8 1.2 
131 150 0.3 
132 D 150 0.5 
133 150 0.4 
134 150 0.5 
135 E 150 0.5 
136 150 0.3 
33 J 300 1. 3 
34 300 1.5 
35 K 300 1.4 
36 300 1.0 
-I 
0.3 
0.5 
0.4 
0.5 
0.5 
0.3 
0.6 1.9 
0.4 1.9 
0.1 1.5 
0.3 1. 3 
0.6 0.5 
0.6 0.5 
0.6 0.5 
.2788 .2804 +1.6 
.2785 .2804 +I.Y 
.2 793 .2810 -r- J.7 
0.6 0.5 .2791 .2802 1+ 1.1 
0.6 0.5 .2790 .28121+2.2 
0.6 0.5 .2785 .280 1 +1.6 
1.2 \ 1.0 .2818 .2815 -0.3 
1.2 1.0 .2788 .27851-0 .3 
1.2 1 1.0 .27961.2 786 -1.0 
1.2 1.0 .2794 .27871-0.7 
-------,---,,---'-----,-_.- ----'--_.---'----'---
The same general facts stand out here as in the tests Oll 
the precipitates of table IV (not tabulated in the text). Here, 
however, only one or two washings were made, because of the 
danger of mechanical loss when the operation is repeated too 
often. It will be noted that the high acid concentrations yield 
low results and contain most soluble matter, while with lower 
acidity exactly the opposite is true. Up to 2 percent acidity 
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(Series E), the losses on the first washing are quite compara-
ble and decidedly less than in experiments with higher acid-
ity. Since soluble sulfates were the main substances found in 
the washings, and because the results 'were high even when 
sodium sulfate was known to be in the precipitate, it follows 
that barium chlorid must have also been present in small 
amounts; this fact is claimed by Richards, Allen and Johnston 
and others. In case the sulfate had been originally present in 
the precipitate as such, one might expect a reaction between 
it and the barium chlorid on heating, to form barium sulfate 
in which case a little sodium chlorid would be simultaneously 
formed. Only traces of the chlorid were found in the 'wash-
ings. This means that little or no reaction occurs or that the 
salts were not present in such form as to permit of metathesis. 
It is doubtful whether, in case of adsorption, sodium chlorid 
would be more closely held than sodium sulfate. 
It is not known whether a reaction between included or 
dissolved barium chlorid and sodium sulfate could occur in a 
true solid solution, because little is known of diffusion in solid 
systems. On the other hand, Hulett and Duschak's complex 
salts would account for the liberation of sodium sulfate on 
heating and washing, and also for the fact that the precipitate 
still weighs more than the theoretical amount, even though 
all of the sulfate has not been fixed as barium sulfate. The 
presence of the salt Ba2Cl2S04 would account for high values. 
This complex need not necessarily undergo decomposition on 
heating, with the formation of barium chlorid. Johnston and 
Adams claim that a solid solution is not possible according to 
their' exhaustive studies, but, after all, have not absolutely 
disproven ' the existence of complex salts in the precipitate. 
While our work has not been so accurate with regard to the 
quantities of included material, it seems possible that com-
plexes might form and that the well known power of barium 
sulfate to adsorb salts from the solution also plays a part. 
Of this, more later. 
The last experiments designed to show the accuracy of 
the determination were made in the presence of various salts. 
Tables VII, VIII and IX show the results obtained with various 
amounts of sodium chlorid, calcium chlorid, magnesium chlorid, 
and a mixture of sodium chlorid and calcium chlorid. 
In table VII, the effect of various amounts of sodium 
chlorid was investigated, at one concentration of acid, sulfate, 
and barium salt, the conditions being similar to Folin's except 
that less acid was used. 'l'he acid represents 2 percent by 
volume, of concentrated hydrochloric. The concentrations of 
Series A, B, C and D represent conditions similar to those ob-
tained in analyzing a lime sulfur solution. In Series A, 10 
'" 
'" .;:: 
'" rn
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TABLE VII.-EFFECT OF SODIUM CHLORID. 
Concentration in Gm. 
Equivalents per Liter 
X 10-'. 
Na2so· 1 HCI I fla C!' 
.... 
BaSO. equivalent 
to Na,SO •. 
°d . 
", _ c.> ______ .,.-;_ 
.a_g:~ I I ;... 
Grams I Gram~ I 2 gi, 
E-< Taken Found ~;::;: 
Na2S0. measured from buret!",. 
i A* 8:~~ :8:8: ::i: I I;8 ! ::8 z8 :a~g 
1
6
2:
6
8: I Bc 1/ loii I iiii II iii Ilil I ii 1/ 11510 /.':21!'3~4·i3 ~nn-;n 
. 15 60 
.1567 
.1574 
0.0 
+0.7 
+1.4 
29 0.89 20.02 2.73 225 3.0 150 .23 43 .2346 +0.3 
.89 20.02
1
2.73 I 225/ 3.0 .234 6 +0.3 
_ 3_0_'--_---' __ 0._8_9---''----20.02 2.73 1 __ 2_2_5_-,-__ 3_.0_-,--1_5_0_ ,-_._2_3 _4 3-----.!_._2_3_4_8 --,-+_0_._5 
46 
47 
48 
119 
120 
121 
122 
123 
124 
125 
126 
127 
D 
E 
F 
G 
Na,SO. weighed out direc tly. 
0.89 I 20.0212.73 I 300 1 0.89 20.02 2.73 300 
0.89 I 20.02 I 2.73 I 300 I 
0.89 20.02 2.73 300 
0.89 20 .02 2.73 300 
0.89 20.02 2.73 300 
0.89 
0.89 
0.89 
0.89 
0.89 
0.89 
I 20.02 I 2.73 
20.02\2.73 20.02 2.73 
20.02 2.73 
20.02 12.73 
20.02 2.73 
I 300 
300 
300 
30 0 
300 
300 
3.0 
3.0 
3.0 
5.0 
5.0 
5.0 
10.0 
10.0 
10.0 
15.0 
15.0 
15 .0 
120 
120 
120 
~-~I~ 
.3112 .3109 -0.3 
120 
120 
120 I 
I 120 I 
120 
120 
.3112 .3115 /+0.3 
.3112 .30931-19 
.3112 .3104 -0:8 
.3112 .3100 -1.2 
.3 112 .3 111 -0.1 
.3112 .3111 1-0.1 
.3 112 .3 106 -0.6 
120 .3112 .3 106 -0.6 
.~119 +0.7 
.3 112 0.0 
120 .3112 
120 .3 112 
*Series " A" was precipitated with 10 % BaCh; 5% Ba Ch used in all 
othei' seri es. 
percent barium chlorid solution was used; in the other three, 
5 percent strength. From a consideration of the values in 
the table, it seems best to precipitate with 5 percent barium 
chlorid at a rate not exceeding 5 to 10 cc. per minute; the 
slower rate is preferable. 'rhe variations here are small, and 
in the event of sodium salts being the only impurity. very 
concordant analyses may be obtained. 
Series E, :B' and G show the effects of larger quantities of 
sodium salts; low results may be expected, altho the decrease 
in weight of barium sulfate is not proportional to the increase 
of sodium chlorid. As a rule, the percentage errors may be 
reduced by working with 300 mgs. of barium sulfate instead 
of smaller quantities, altho individual variations in the series 
apparently occur regardless of the care used in making de-
terminations. Larger precipitates are difficult to wash, and 
in lime sulfur work especially, require the introduction of too 
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TABLE VIII.-EFFECT OF CALCIUM u-ILORID 
Concentration In Om. "0 e;.....c.3 .~~ <.> 
"'''' '" 
Equivalents per Liter (3 
'" 
0'" 
».0 
'" 
X 1 0_'. >0 '" '" 
';;6 . <: -u ",ai "' . 
,,= 
'" 
---
I I BaC]' 
~ ~6 65 
<;e:; Ul 0 uO ~a. Na,SO. HC! E-< 
'" 
a. u 
Sodium sulfate drawn from Burette. 
7 0.89 
I 
20.02 2.73 150 
I 
1.0 60 
8 A* 0.89 20.02 2.7 3 150 1.0 60 
9 0.89 20 .02 2.73 150 1.0 60 
55 0.89 20.02 2.73 150 1.0 60 
56 B 0.89 20.02 2.73 150 1.0 60 
57 0.89 20.02 2.7 3 150 1.0 60 
58 0.89 20 .0 2 2.73 150 1.0 60 
31 C I 0.89 I 20.02 I 2.73 225 1.0 150 32 0 .89 20.02 2.73 225 , 1.0 150 
________ .,-__ Na,SO. weighed out 
49 /1 0.89 20 .02 jl 2.73 
50 D 0.89 20.02 2.73 
51 0.89 20 .02 2.73 
-
300 1.0 120 
300 1.0 120 
300 1.0 120 
NaoSO, wei~hed from solution  
158 
159 
160 
179 
180 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
17 3 
174 
E 
F 
0 
H 
I 
J 
I 
0.80 
0.80 
0.80 
0.80 
0.80 
0.79 
0.80 
0.80 
0.80 
0. 8 0 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
I 
2.50 
2 .50 
2.50 
2 .50 
2.50 
2.50 
I 
I 2.50 2.50 
I 
2.50 
2.50 
2.50 
2.50 
2 . 50 
2 .50 
10.01 
10.01 
10.01 
10.01 
10.01 
2 .7 3 300 0.5 120 
2.73 300 0.5 120 
2.73 300 0.5 120 
2.73 300 0.5 120 
2.73 300 0.5 120 
2.73 300 1.0 
\ 
120 
2.73 300 1.0 120 
2.7 3 300 1.0 120 
2.73 3 00 2.0 \ 120 
2.7 3 300 2.0 I 120 2.73 300 2.0 120 
2.73 300 4.0 \ 120 
2.73 300 4.0 I 120 2.73 300 4.0 120 
2.73 300 \ I 1.0 120 
2.7 3 300 1.0 120 
2.73 300 1.0 120 
2.73 300 2.0 120 
2.73 300 2.0 120 
I 
BaSO. equivalent 
to Na,SO. 
Orams I Ol'ams I ~gi, Taken Found ~:;;: 
.1560 .1566 
.1560 .1575 
.1560 .'1581 
.1560 .1561 
.1560 .1558 
.1560 .1 5 59 
.1560 .1558 
.2343 .2341 
.2343 I .2335 
I 
.3112 
I 
.3104 
.3112 .3105 
.3112 .3121 
.2791 .2795 
.2790 .2799 
.2792 .2784 
.2795 .2777 
.2791 .2790 
.2781 .2784 
.2786 .2787 
.2793 .2789 
.2799 .2793 
.279 5 .2779 
.2800 .2791 
.2785 .2759 
.2795 .2779 
.2787 .2796 
.279 6 .2802 
.2793 .2803 
.2792 .2787 
.2798 .2805 
.2789 .2783 
t o.6 1.5 
+ 2.1 
+0.1 I-U.2 -0.1 
-0.2 
1-0.2 0.8 
-0.8 
-0.7 
+0.9 
I! 
-
-
t 
-
.-
.-
-
\= I: 
0.4 
0.9 
0.8 
1.8 
0.1 
0.3 
0.1 
0.4 
0.6 
1.6 
0.9 
2.6 
1.6 
0.9 
I! 
0. 6 
1.0 
0.5 
0.7 
0.6 
I 
'Precipitated by 10 % BaCh; 5% Ba Ch used in all other series. 
much sodium peroxid. The variations caused by the presence 
of excess of sodium salts are not greatly different from the 
variations caused by other changes in the system as, for ex-
ample, change of acid concentration, rate of precipitation, etc. ; 
these figures serve to accentuate the difficulty of obtaining 
true results in analysis of sulfates; the precipitates which were 
weighed in this work not only lost chlorides and sulfates dur-
ing ignition, as shown by qualitative tests. but even after 
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TABLE IX.-EFFEC·i' OF OTHER SALTS. 
-
"' .... 
Concentration in Gm. e; ::: ~ FaSO. eq u iva lent Equivalents per Liter 
'" 
0 
- '" 
"' > a:> ELJ to Nu,SO •. "'.0 "'<Ii ~8 '" X 10-'. _ cO ;::: 
::l'-' "'8 80. '" 
I 
, .... '"", 
'" ~btl ~ p..tIl ~;?:; 
I I BaCl, 
0 o · 
'" 
Grams Grams t~ 
"I'a,SO. HCI Eo< '" Take n < Found ~;;;l 
ElTect of MgCJ, .6J-I,0. Na,SO. measured from burette. 
59 0.80 
, 60 A 0, 89 
6 1 0.89 
62 0 ,8D 
20 , 02 2.73 ! 1 50 ! 2,0 GO ,1 560 i 1*2. 4 . 1 584 20.02 2.73 150 2,0 60 .1560 . 1 573 1. 3 20.02 2.73 15 0 2,0 60 .1560 .1578 1.8 
20.02 2,73 1 50 2.0 60 . 1 560 . 15 5 1 -0.9 
37 0,89 
38 B 0.89 
39 0,80 
20.02 2.73 225 2,0 150 .2343 .2348 f,5 20.02 2,73 225 2,0 150 .2343 .2362 1. 9 
20.02 2.73 I 225 2.0 1 50 ,2343 .2366 2.3 
-- ---- -----
E lTect of NaCI + CaCho Na,SO. m ea su "ea f,'om burette, 
10 C' 0.89 20 ,0 2 2 , 73 1 50 60 \ .15 fill 
1 
.1560 I v,u 1 1 0.89 20 ,02 2,73 150 + -= 60 I .15 60 .1566 +0,6 
~ "....) 1 1 67 0 ,89 20 ,02 2.73 1 50 '-'''' 60 I .1560 .15 55 -0,5 c-::% 68 D 0.89 20 , 02 2.73 150 
'-' 
60 I ,1560 .1548 -1.2 69 0 ,89 20,02 2 ,73 1 50 ,E 60 J ,1560 ,1559 -0. 1 
34 I 0.89 20,02 
E "" 1 
-1.6 2.73 225 btl"" 150 J .2343 ,2327 35 E 0.89 20.02 2,73 2 25 1 50 I .2343 .2338 -0.5 36 0.89 20,02 2.73 2 25 1 50 J .23 43 ,2329 - 1.4 
-- -- --- -- -- --
1 
Na,SO. weighed direc tl y. 
I I I I I I 1-1.0 52 F 0.89 20.02 2.73 300 d o , 120 I .31 1 2 .3 10 2 54 0.89 20.02 2.73 300 d o, 120 .3 11 2 .3102 /-1,0 1 
w eighing contained foreign material. In other words, a pure 
barium sulfate is apparently not obtainable under usual labor-
atory conditions of work. 
That calcium also exerts a decided influence upon the 
nature of the precipitate and upon the accuracy of the analy-
sis is shown in table VIII. Here experiments were carried out 
at a definite concentration of barium chlorid, with two con-
centrations of sodium sulfate and with three concentrations 
of acid. Series A, precipitation with 10 percent barium 
chlorid, tends to give irregular results, which are quite high; 
the advisability of using 5 percent precipitant is plainly 
shown in comparing these results with those of Series B. In 
comparing B, C and D, it is seen that with decreasing concen-
trations of calcium (the same weight of calcium salt was used 
in all three sets) the errors became greater and the weight of 
'Preclpltated by 10 % BaCh; 5% BaCh u sed in all other series. 
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barium sulfate decreased. In Series Band D the barium 
chlorid 1\·as added nearly twice as fast as in C. These results 
were obtained when the solution contained 2 percent by 
volume of hydrochloric acid. Series E, F, G, and H show the 
effect of increasing the calcium concentration at % volume 
percent acidity. At this acidity, the effect of increasing cal-
cium content is exactly reversed; the greater concentration of 
calcium yields lower results than the lesser: barium chlorid was 
added at the same rate as in Band D. It is possible that some-
where between these two acid concentrations, there is a "turn-
ing" point. Series I and J, in which the acidity is half that of 
the B to D series, do not throw any further light upon the sub-
ject; the results are in a rough way parallel to those in Series F 
and G. Since calcium sulfate crystallizes in the same system 
as barium sulfate (tho more soluble) one is tempted to expect 
low results, particularly at higher concentrations of calcium. 
Our results tend to show that the phenomenon occurring in 
estimating sulfates in the presence of calcium do not differ 
markedly from the figures obtained in the presence of other 
salts. The same variations occur, and again the necessity of 
" 'orking under exactly uniform conditions is emphasized. 
Table IX shows the analyses made when magnesiul1! 
chlorid is present, and when a mixture of sodium and calcium 
salts are present with the sulfate. The latter series represents 
conditions roughly analogous to those obtaining in lime sulfur 
analysis : in this case, the sulfur is presumably present as cal-
cium sulfate, and the results of these experiments serve only 
as a relative basis of comparison. Once more, magnesium 
chlorid (Series A and B) is found to give high values: the 
reason for the discrepancy between the analyses quoted and 
those of other investigators is not well understood. In Series 
C, the use of 10 percent barium chlorid in precipitating sulfates 
in the presence of sodium and calr-ium salts, causes higher re-
sults than the more dilute reagent (Series D ) . Series E was 
precipitated more slowly (6 cc. 5 percent barium chlorid per 
minute vs 10 cc. per minute ) than either D or F. Increased 
concentration of sodium and calcium salts yields higher results 
(Series D ), other conditions being constant: all analyses with 
the dilute precipitant were low, how6ver. These figures are 
parallel to those obtained where calcium chlorid alone was 
present with the sulfate. In general, calcium causes low 
analyses, as was to be expected from the properties of calcium 
sulfate: sodium salts do not effect a "balancing action" here. 
Washing tests were made upon these precipitates also: it 
is hardly worth while tabulating these results. Suffice it to 
say, that the precipitates th1'o,,·n down in the presence of cal-
cium and magnesium chlorides, upon washing as previously 
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outlined, yielded qualitative tests for calcium and magnesium 
in the concentrated wash waters, as well as sulfates in fair 
amounts and traces of chlorides. The same general observa-
tions regarding the quantity of soluble ma,terial removed by 
washing hold true. For example, in table VIII, analyses 56-58 
inclusive, after 6 separate washings and subsequent ignitions, 
lost a total of 1.3, 3.1, 1.7 and 2.2 mgs. in weight respectively. 
In the same table, analyses 31 to 33, after 2 washings and igni-
tions, lost a total of 1.3, 1.0 and 1.1 mgs. in weight respectively. 
In table IX, analyses 59 to 62 lost on six treatments, 2.8, 2.3, 1.9 
and 3.1 mgs., while 67 to 69 lost 3.4, 2.9, and 3.2 mgs. respective-
ly. 
DISCUSSION OF THE EXPERIMENTS 
After considering the results of these experiments, we 
arrive at the same conclusions that many others have published, 
namely, that a pure precipitate of barium sulfate is not to be 
obtained by any ordinary precipitation method. The best 
values are due to a balancing of errors and to insure uniformity 
of analyses, the strictest attention must be given to maintaining 
definite and identical conditions in the system. 
For accurate lime sulfur analysis, the following procedure 
for precipitation is recommended: 
One aliquot is oxidized with sodium peroxid, heated, di-
luted, acidified, boiled, precipitated rapidly with 5 percent 
barium chlorid and filtered through a Gooch after an hour's 
standing. This gives a general idea of the amount of sulfur 
in the definite volume of solution. The volume of the final de-
termination is so adjusted that each cc. will contain about one 
mg. of barium sulfate. An aliquot should be taken so that 
between 250 and 350 mgs. of barium sulfate will be obtained; 
i. e., the volume of the solution after precipitating the sulfate 
should be 250 to 350 cc. 
After oxidizing a suitable aliquot with sodium peroxid, 
heating to hasten oxidation and acidifying, the solution should 
be boiled to drive out dissolved gases, neutralized exactly, and 
an amount of concentrated hydrochloric acid added so that the 
volume percentage of hydrochloric acid does not exceed 2 
percent. We prefer to work at either % or 2 percent. The 
acid and volume relations should be maintained as accurately 
as possible. After diluting the acidified solution to the propel' 
volume, heat to boiling and precipitate hot with 20 cc. of 5 
percent barium chlorid (no more: if 250 cc. total volume is 
used, 15 cc. will suffice ) are added from a burette, at the rate 
of 5 to 10 cc. per minute, preferably at the slower rate. The 
solution should not be shaken or stirred. When the precipi-
tant has been added, it should be set aside and allowed to 
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tand for at least 12 hours before filtering. Wash the precipi-
ate with cold water until free from chlorides; as far as pos-
sible, use a uniform quantity of wash ,,,'ater, 150 cc. added in 15 
cc, portions will usually suffice to free a precipitate of this size 
from chlorides, and the loss due to solubility of barium sulfate 
in this amount of water is generally negligible. 
The results, if the details have been carefully observed. 
'will check generally within 1.0 mgs. For closer and more ac-
curate results, check analyses made upon a similar quantity of 
pure sodium sulfate to which has been added an amount of cal-
cium chlorid comparable to that in the sample and identical 
quantities of the reagents used in the lime sulfur analysis, will 
offer a basis for determining the magnitude and sign of the er-
ror in the original analysis; the errors so recorded may in gen-
eral be applied to the lime sulfur determination as a correction. 
So, in general, for all sulfur determinations. 
OTHER PRECIPITANTS FOR SULFUR. 
It must be borne in mind, that absolute accuracy in this 
analysis is apparently impossible. Approximate results are the 
best attainable by barium chlorid precipitation. This is true 
because of the complex nature of the so-called barium sulfate 
precipitate. Authorities disagree as to the exact nature of con-
tamination; whether the impurities are carried down as com-
plex salts, as Hulett and Duschak and Folin claim, whether the 
impurities are dissolved (in solid solution) as Korte and others 
claim, or whether it is purely an adsorption phenomenon, is 
not shown by our work. Certainly there are some points in 
favor of each, also there is some contradictory evidence. We 
have studied under the microscope the barium sulfate precipi-
tates obtained under varying conditions of acidity, in the 
presence of sodium salts before and after ignition. Only 
typical crystals were observed, which varied somewhat in size 
according to the acidity. A slight" condensation" after igni-
tion causes us to believe that the crystals as precipitated may 
contain a little water; if complex salts were present in consid-
erable quantity, it was thought possible that some change in 
the crystal form might serve to identify them, This has not 
been shown to be true in the specimens examined by us. No 
attempt was made to determine the refractive index. 
One point in the various arguments as to .the mechanism 
of the reaction seemed particularly worthy of further investi-
gation. The formation of the double or complex salts pro-
posed by Hulett and Duschak depends upon the ionization of 
sulfuric acid or soluble sulfates of mono acidic bases, and of 
barium chlorid, in steps, as follows: 
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That these assumptions are probably true has been main-
tained by Noyes and ]'alk40, E. E. Ohandler41 and many oth-
ers. That complex salts may also form by reaction between 
"associated" ions (see. Noyes and Falk above) is possible, but 
not so probable. Hulett and Duschak argued that if a sulfate 
of a diacidic base (MgS04 ) were precipitated by a barium salt 
of a dibasic acid [RaPt (ON) 4], a precipitate of pure barium 
sulfate should result, since no "intermediate" ions may be 
formed, unless we accept the possibility of associated complexes 
[e. g. Mg (804) 2]. Then if the complex salts are the sole 
cause of error, i. e., if no adsorption occurs, or if the disturb-
ing substances are not present in a solid solution, such a pre-
cipitation would solve the problem. Hulett and Duschak ob-
tained excellent results with the pair of salts mentioned. It 
may be pointed out that Johnston and Adams thought that 
Hulett and Duschak's results were accurate mainly because 
magnesium sulfate is supposedly not adsorbed in perceptible 
amounts by barium sulfate. 
Since BaPt (ON) 4 is an expensive salt, and by no means a 
common laboratory reagent, it occurred to us that some other 
barium salts of dibasic acids might be substituted to advan-
tage. There are no common inorganic dibasic acids whose 
barium salts are sufficiently soluble to render them useful as 
precipitants. Of the more common organic acids, phthalic, 
succinic and malic acids yield barium salts of a solubility suf-
ficiently great to permit of their use as precipitants for sulfur. 
It occurred to us to test their availability and to throw as much 
light as possible on the nature of this very complex reaction. 
If the results with magnesium sulfate yielded theoretical val-
ues, then these dibasic salts could be applied to the determin-
ation of sodium or potassium sulfate with the elimination of 
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\lalf the possible complex salts and the attendant improve-
ment of the method. 
Quantities of malic, succinic and phthalic acid were dis-
solved in water, in concentrated solution; after filtering, a 
strong solution of barium hydroxid was run into each until 
faintly alkaline to phenolphthalein, after which the color was 
discharged with a drop of the acid. The pnthalate, malate and 
succinate are only slightly soluble in water. In preparing the 
saturated phthalate solution, the excess salt separated out as 
a beautiful white, crystalline precipitate. This solution was 
used for earlier determinations, and further solutions were 
prepared by suspending the crystalline salt in water and stir-
ring vigorously for several hours, using a small motor to run 
the stirring apparatus. These averaged 4.8 gm. salt per liter. 
The excess succinate also separated out as a white crystalline 
precipitate: the solution as used for precipitation contained 
4.01 g. of the barium salt per liter. The malate is more soluble: 
about a % percent solution was used. According to Seidell,42 
the solubility of barium malate at 20° C. is 0.883 gm. per 100 cc. 
water, while that of the succinate is 0.418 gm. per 100 cc. of 
TABLE X.-EXPERIMENTS WITH BARIUM PHTHALATE. 
(PRECIPITATION WITHOUT STIRRING EXCEPT WHERE 
NOTED). -
I Concentration in Gm. e BaSO. equivalent 
"''- Equivaients per Liter "0 62l '"-0:> to Na,S04. -- 0) > 0'" "'.Q 
'" X 10-' . .=~d 
.Q6 .~ ~e 0)' 
'"", 
~~ ;;;.c (.) 65 '- . ~z; 0:> Na,so. [ IBarium 0 0:1;:: '-A Grams I Grams I 0", '" HCI Phthal· p p; Pi>. Taken Found ,. bo I ate l4~ 
2 A 0.80 - 0.96 I 300 50 120 .2794 .2768 -2 .4 3 0.80 - 0.96 300 50 120 .2799 .2721 -7 .8 
14 B 1.06 -- 2.15 225 75 270 .2794 .2749 -4.5 
15 1.06 - 2.15 225 75 270 .2791 .2766 -2.5 
28 1.20 - 2.87 200 100 360 .2796 .2850 fA 29 C 1.21 - 2.87 200 100 360 .2823 .2875 5.2 
30 1.20 - 2.87 200 100 360 .2793 .2855 6.1 
4. D 0.80 1 drop 0.96 300 50 120 .2795 .2870 :r.5 5 0.80 conc. 0.96 300 50 120 .2797 .2833 3.6 
16 E 1.07 3.34 2.15 225 75 270 .2801 .2 754 - 4.7 
17 1.06 3.34 2.15 225 75 270 .2788 .2739 -4.8 
37 F 1.18 5.00 2.87 200 100 360 .27 44 .2728 -1.6 
39 1.20 5.00 2.87 200 100 360 .2795 .2780 -1. 5 
47 G* 1.20 5.00 2.S7 200 100 360 .2794 .27 72 -2.2 
48 1.20 5.00 2 .8 7 200 100 360 .2794 .2769 -2.5 
7 0.80 10.01 0.96 300 50 120 .2799 .2719 .-S.O 
8 H . 0.80 10.0 -1 0.96 300 50 120 .2795 .2754 
,-4.1 9 0.80 10.01 0.96 300 50 120 .2794 .2782 -1.2 
*Stlrred constantly during addition or barium phthalate. 
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water at the same temperature. The use of such dilute pre-
cipitants made it impossible to duplicate exactly the condi-
tions laid down when barium chlorid is employed as a precipi-
tating medium. 
A fresh solution of sodium sulfate was prepared, similar 
to the previous ones; on standardizing by evaporating weighed 
portions of the solution, 1 gm. of solution was found to contain 
sulfur equivalent to 0.01391 gm. of barium sulfate. 
A large number of experiments was carried out upon this 
solution with all three of the above barium salts. 
'l'he preliminary group with the phthalate will serve as 
an illustration of the various procedures tested, 50 to 100 cc. of 
the precipitant were employed and it was run in from an 
elongated separatoIlY funnel at various speeds. The precipi-
tates were washed as before, and were ignited at temperatures 
ranging between 700 and 800 0 C. 'l'wo ignitions generally 
brought the crucibles to constant weight. The sulfate settled 
well, perhaps a trifle more slowly than when thrown down 
with barium chlorid: it was easily filtered and washed. 
In table X, typical analyses are shown. Series A, Band 
C contain no acid; at low concentrations of the sulfate, very 
low results are obtained, which, however, become very high 
when the volume of solution is decreased. The concentration 
of precipitant also increased, and the rate of addition was 
slower. These precipitates were all alkaline after ignition and 
the wash waters tested for barium: this seems to prove that 
the sulfate carried down quite a bit of the precipitant. Owing 
to its slight solubility in water, washing is correspondingly 
difficult. Thinking that the presence of a little free acid 
might better the results~' a drop of concentrated acid was add-
ed to each determination in Series D without any improve-
ment, however. It is probable that this acid at once liberated 
phthalic acid and formed barium chlorid. It was thought, 
however, that by precipitating with the phthalate in acidified 
solutions, the barium sulfate might be thrown out so 
rapidly that the metathesis of phthalate to chlorid and libera-
tion of free phthalic acid would not occur until the barium 
sulfate had been completely formed, thus avoiding the forma-
+ 
tion of the intermediate BaCI ions and the attendant complex 
salts. Whether or not this is true is not apparent from Series 
E to H inclusive, in which the amounts of acid varied, and 
also the rate of addition and the concentration of the precipi-
tant. The effect of stirring is shown in Series G; from the 
examination of the precipitates after ignition and th~ wash-
ings so obtained, it is plain that some adsorption occurs. 
*FoIln, (1oc. cit.) states on page 146 or his article: "The presence or a 
certain amount or strong uncombined acid (Hel ) Is Indispensable ror correc t 
sulfate determinations." 
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The low results are interesting in this connection. If we 
assume that complex salts are really the cause of the dis-
crepancies and also that the presence of hydrochloric acid 
does not cause a metathesis of BaCsH 40 4 to BaC12 until pre-
cipitation is complete, let us see what may happen here. So-
+ 
'dium sulfate is usually conceived to ionize into Na, NaSO.! 
and 804 ions. In the presence of hydrochloric acid, and also 
because of hydrolysIs, HS04 and :It ions may also exist. Then 
we could have salts of the formulae 
in the precipitate. The last two would certainly yield sulfuric 
acid on ignition, and a qualitative test upon a freshly precip-
itated portion of sulfate, washed free from barium, dried at 
1400 C., and then ignited in a closed tube showed sulfates in 
the liquid which distilled in the tube. The residue was dark 
colored, alkaline, yielded hydrogen sulfide with acids and gave 
an odor resembling benzophenone. This proves two things: 
some of the precipitant (analogous experiments with the suc-
cinate and malate gave similar results) is carried down with 
the precipitate in a form which can not be washed out before 
ignition; also that the precipitates lose sulfuric acid on ignition 
in this case, just as they do when thrown down with bariul1l 
chlorid. Whether this latter phenomenon is due to the pres-
ence of a double salt, or occurs because some NaHSO. was 
formed in solution and occluded by the precipitate, is not 
clear. The precipitate in the qualitative test with the phthalate 
was prepared under exactly the same conditions as in Series 
C, table X; after decanting the mother liquor thru the filter 
the precipitate was treated with 25 cc. of hot water, and heated 
to boiling, transferred and washed 'with 200 cc. of cold water. 
It was then dried at 100 0 G. for several hours, and finally at 
140 0 for half an hour. Part of the dry precipitate was then 
transferred to a dry closed tube and ignited cautiously, the 
liquid which distilled out being tested for sulfates. 
These results showed plainly that the barium sulfate must 
be treated in some way to remove all of the phthalate (suc-
cinate or malate) possible before ignition. It also seemed ad-
visable to have 'a small amount of hydrochloric acid present. 
A new series of experiments was carried out in which the hy-
drochloric acid concentration varied from 0.0 to 0.5 gram 
426 
equivalents per liter x 10-2 ; the precipitates after standing 
12 hours were decanted thru the Gooch filter, and 25 cc. of 
dilute acid, either 0.1 or 0.2 percent (by volume ) added to the 
precipitate. The mixture was stirred, boiled, allow'ed to set-
tle and again decanted thru the crucible. Next, 25 cc. of dis-
tilled water was added to the main portion of the precipitate , 
and the mixture boiled. The precipitate was then transferred, 
the combined 50 cc. of dilute hydrochloric acid and water 
being used in policing the beaker. Each precipitate was 
washed with 100 cc. hot water: ther e was less tendency 
toward" cr awling" as the precipitates were highly crystal-
TABLE XI. THE PRECIPITATION 'OF So.DIUM SULFATE WITH 
"' :.. ,- '" 
"' a ~ E 
<=" "' ~ 
55 
56 
60 
6 1 
62 
63 
57 
58 
49 
50 
5 1 
52 
53 
54 
65 
66 
67 
68 
83 
84 
95 
96 
87 
88 
9 1 
92 
69 
70 
'" 
. ~ . 
'" rJl 
A 
B 
! 
C 
D 
E 
F 
G 
H 
J 
K 
VARIOUS BARIUM SALTS. * 
Concen trati on in Gm. BaSO, equival en t 
Equ iva lents per lite r 
'0 ~ to Na,SO •. o . X 1 0 · ' . > <3 0) 5 d 
- " 
}: 0. Q.) r.. 
I 
oS .:: c., 00 
'J rams I ', rams I oui \ Barium E- "' 00 Na2S0" HCI 0 taken found &.i:s Salt E-
Pr ecipita tion with Barium Ph thalate. 
1. 20 - I 2 ,87 200 360 ,2794 .2 7H7 -0.7 1. 20 - 2,8 7 200 300 .2 795 .2 791 -0 .4 
1. 33 0 .0 1 I 2.87 200 . 360 .3 11 0 .3 1 07 t 5.4 '1. 3 4 0 ,0 1 2 .87 200 360 ,3 11 9 .32 0 0 8, 7 
1. 33 0.025 2,87 2 00 360 .3 11 2 .3 120 t o.8 1. 34 0 ,025 2.8 7 I ~ U O ~60 .3 1'17 . 3 1 59 4.2 
1.20 0 .05 1 2.87 I 200 I 360 
I 
,2 790 . 2 783 - 0 ,7 
1. 20 0 .05 1 2 ,87 200 360 I .2 792 .2 77 9 - 1. 3 J 
.-
--
Precip ita ti on with Barium Succina te. 
1.20 
1. 20 
1. 20 
1.1 9 
1. 20 
1.20 
1.34 
1. 33 
1. 34 
1. 34 
1. 34 
1. 33 
1. 34 
1. 33 
1. 33 
1. 33 
1.33 
1. 33 
1.34 
1.34 
none 
none 
none 
1. 05 1 
1. 05 1 
1. 05 1 
0. 100 
0 .1 00 
0 ,25 1 
0 .25 1 
0 .25 1 
0.25 1 
0 .25 1 
0,25 1 
0.300 
0,300 
0.376 
0.376 
0.500 
0.500 
1. 66 
1. 66 
1. 6G 
1. 66 
1. 66 
1. 66 
1. 66 
'1. 66 
1. 66 
1.66 
1. 66 
1. 66 
1. 66 
1. 66 
1. 66 
1. 06 
1. 66 
1. 66 
1. 66 
1. 66 
\ 
200 I 
200 
200 
200 
200 
!i ~gg 
200 
200 
200 
200 
2 0 0 
200 
200 
200 
200 
200 
200 
200 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
I :~~~ 6 \ .2 796 
I .2786 II 
.284 1 li 4.4 
.2823 3.3 
.2832 3.6 
.2 7 95 11+ 0.9 
.2 7 981+0 5 
.2804 + 1: 2 1
·2 793 
.2792 
.3 11 7 ! .3 11 5 
\ . 3 11 7 
.3 11 5 
.3 11 7 
. 3114 
.3 11 8 
.3 11 0 
I . 3 111 
.3 11 3 
1
.3 11 3 
.3 1 35 +1.8 
.3 1 08 -0.7 
.3 123 \+0.6 
.3 111 104 
.3 122 -fO:5 
.3 11 9 0.5 
.3 129 1.1 
.3 11 3 0.3 
J . 3 108 1-0 ,3 
.3 1 02 -1. 1 
.3 108 -0.5 
.3 1 03 - 1. 1 
.3099 - 1. 8 
,3 10 1 - 1. 4 
1_.3 114 
.3 1 17 I 
.3 115 
--~--~------~----~-------'-----~,----- -----~--, 
*25 cc. of 0 . 1 % aCid used III dIgestIOn after standIn g over mght, 
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TABLE X I I.-THE PRECI PITATION OF SODIU}[ SULFATE WITH 
VARIOUS BARIUM SALT S. * * 
·--'---'-~Go~n~ce~n7tl~·a~Uo~n~i-Il~G~m-.--'----'-----'------------
Equivalents per litol' _ ~ . BaSO. equivalent 
f07 ( A 108 
109 I B 
1'l0 
111 G 
1'l2 
113 
114 D 
149 
150 
115 
116 E 
145 
146 
117 
118 F 
X 10·'. ~ oed to Na,SO •. 
",-", 
Na,SO. flGl ::;ult ~ '-' i'= / I -;;; d E6:CIl Granls /Gl"Ums I ;: Ii Taken Found O:;;a 
w 
PreClpltaLlon WIIIl Bal'lum PllIhalate. 
T--\-3TT3T-:-3TTOI=0~:; I .3111 ) .3132 \+2.1 -T;- -- --1.33 0.10 2.15 I 200 1.33 0.10 2.15 200 
L33 0.15 2.15 \ 200 
1.33 0.15 2.15 200 
1.34 0.25 2.15 200 
1.33 0.25 2.15 2UO 
1.34 0.30 2.15 200 
1.34 0.30 2.15 200 
1. 33 0.30 2 . 15 200 
1.33 0.30 2.15 200 
I 
1.34 
! 
0.38 2.15 200 
1.33 0.38 2.15 200 
1.33 0 .38 2.15 ;100 
1.34 0.38 2.15 200 
1.34 
I 
0.50 2.15 200 
1.34 0.50 2.15 200 
I 
I 
o 
o 
M 
I 
I 
o 
... 
"" a 
t 
1.3110 I .3115 1+ 0.5 
1 .3115 I .3138 1+2.3 
) .3117 I .3126 + 0.9 
.3112 I .3113 1+ 0.1 
1 .31151.3123 +0 .8 .3117 .3122 ,U.5 
.3107 .3134 -t-2 .7 
.3108 .3133 -t-2.5 
.3117 
.3110 
.3109 
.3115 
! .3116 -0.1 .3108 -0.2 
.3 131 +2.2 
.3147 +3 .2 
.3116 .31cti -1.0 
.3116 .3110 -0.6 
Precipitation with Bal'ium Succinate. 
-;-'-;;-r-~I~I 1.66 I~',-·~\~~~T 3 12411+ 1.4. 
100 I 1.33 I 0.15 \ 1.66 I 200 I 360 .3112 .3138 1+2.6 
101 H 1.33 II 0.20 I 1.66 200 1 360 .3114 .3119 +0 .5 
102 1.33 0.20 1.66 200 360 .3111 .3127 +1.6 
85 1.34 0.25 I 1.66 200 .3117 .3123 +0.6 
86 1.34 0.25 1.66 200 1 .3117 .3121 +0.4 
79 1.33 0.25 1.66 200 300 to .3111 .3107 -0.4 
80 1.34 0.25 1.66 200 360 .3119 .3127 +0.8 
97 1.33 0.25 1.66 200 .3113 .3126 +1.3 
98 1.33 0.25 1.66 200 .3111 .3'122 +"1.1 
89 
90 
103 
104 
93 
94 
105 
106 
143 
144 
77 
78 
71 
72 
J 
K 
L 
1.34 
1.34 
1.33 
1.33 
1.34 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.34 
1.33 
0.30 
0.30 
0.30 
0.30 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.50 
0.50 
1.60 
1.66 
1.60 
1.66 
1.66 
1.6G 
1.60 
1.66 
1.66 
1.6u 
1.66 
1.06 
1.66 
1.66 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
300 to 
360 
300 to 
360 
.3115 
.3110 
.3109 
.31'l2 
.3115 
.3111 
.3 113 
.3110 
.3106 
.3102 
.3114 
.3112 
.3111 
.3102 
.3119 
.3135 
.3112 
.3092 
.3104 
.3130 
.3126 
.3133 
.3104 
.3105 
1=~:1 + 1 .0 
+2.3 
-0.3 
-1.9 
-0.9 
+2.0 
+2.0 
+3.1 
-1.0 
-0.7 
300 to .3118 .3101 -1.7 
360 .3112 .3101 -1.1 
73 1.34 I 0 .50 1.66 
74 M* 1.34 0.50 1.66 
200 
200 
200 
200 
I .3116 .3099 -17 1 3~~JO J: 1; :~n~ =f~ 81 1.33 1 0.25 1.66 82 1.33 0.25 1.66 
~I~ ~ ___ 1._0_0_, __ 1_.6_6 __ 200 
.3114 .3099 1-1.5 
300 to .3116 .3085 I-~. i 
~ ___ ___ I 
* Stirred during precipl tation. 
**25 cc. or .02% acid used in dig'estion after standing ovel" nignL 
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line. 'l'he use of malate "vas discarded entirely after a dozen 
t rial experiments as no results were obtained even under these 
conditions which were of practical value. Tables XI and XII 
show the results of the experiments to reduce the inclusion of 
precipitant. 
A glance at Series A to D in table XI shows that the 
phthalate precipitations are not acceptable under the condi-
tions: a few fair results were obtained, but it is highly prob-
able that they were merely accidental. In table XII. Series 
A to F, which differ from the previous set only in the fact that 
i he precipitates were digested with 0.2 percent acid instead of 
0.1 percent, more acceptable values are shown, but the irregu-
larities are much greater than in the case of precipitation with 
barium chlorid. Apparently, the digestion was more efficient 
in some cases than in others. There is no definite relation be-
tween the hydrochloric acid content of the solution to be pre-
cipitated and the weight of precipitate: the digestion seems to 
be the main factor, and the small variation in the rate at 
\\"hich the solutions were precipitated apparently influences 
the efficiency of digestion. After ignition, the precipitates 
were as a rule alkaline; this is to be expected, if the barium 
salt of the acid is adsorbed, since the temperature of ignition 
(700-800° C) would readily convert it to barium oxid. The 
washing tests showed losses in most cases equal to or greater 
than the maximum solubility of barium sulfate in the quantity 
of water used: but these losses were not confined to those ex-
periments which yielded positive errors. The low analyses, 
such as numbers 115, 116, 117, 118, table XII, lost on washing 
twice (with 100 cc. of water each time) 1.1,1.0,1.8 and 1.3 mgs. 
respectively. The wash waters were evaporated in many cases 
and examined qualitatively ; in 20 samples tested, each gave 
decided tests for sulfates; in one or two, traces of chlorides 
were found, and in several cases, silver nitrate caused a brown 
color to form in nitric acid solution. Sulfides were not found, 
and the brown color was probably due to the presence of small 
quantities of some organic decomposition product. 
The experiments with barium succinate throw little more 
light on the matter: in table XI, the influence of hydrochloric 
acid concentration is shown more clearly, since at low concen-
tration the results are very high, decreasing gradually until 
Series H, which yields the lowest positive average; at concen-
trations above 0.0030 gram equivalents per liter of hydro-
chloric acid, the results decrease, altho irregularly. The hy-
drochloric acid in this series was added in three strengths, 0.1 
percent, 1.0 percent and 2.0 percent made up by volume. The 
experiments with succinate in table XII are analogous. Prob-
ably the best conditions for work are at an acid concentration 
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between 0.0025 and 0.0035 gram equivalents of hydrochloric 
acid per liter, digesting the precipitates so obtained with 0.2 
percent hydrochloric acid after decanting as much of the mo-
ther liquor as possible. It depends upon the amount of mother 
liquor remaining with the precipitate, how efficient digestion 
with a limited amount of acid may be, and this is undoubtedly 
responsible for a large part of the irregularities of the results, 
e. g., in Series J and K, table XII. 
Further qualitative tests were made upon the precipitates 
thrown down by succinate and phthalate in acid solution com-
parable to experiments 79 and 80, Series I, table XII, digesting 
in the same way. The closed tube test showed copious sulfates 
in the distillate; the liquid had a strong unpleasant odor, and 
also contained some organic substance which yielded a white 
precipitate with .AgN03+HN03, soluble in ammonia to a 
brown solution. The washing tests upon the precipitates of 
table XII were quite similar to those of table XI. 
.As a r esult of these experiments, it is to be noted that the 
evolution of hydrochloric acid in igniting the precipitate had 
ceased tho sulfuric acid was still evolved. .Altho the precipi-
tation was made in the presence of small amounts of hydro-
chloric acid, using the organic barium salt, and the precipi-
tates digested with hydrochloric acid, only occasionally were 
even traces of chlorides given off. This interpreted in terms 
of the complex salt theory would mean that by use of the bar-
ium salt of the dibasic acid as a precipitant, the salts of the 
type 
and 
/ 0 
8et ~ O~ / 0 
s 
0 / ' 0 
/ /Ja ~ 
C/ 
are not formed. The acid sulfate type does apparently form; 
witness the qualitative tests and the fact that precipitates on 
washing yielded soluble sulfates while the original precipitate 
gave low results. .At the same time, there is little doubt that 
some adsorption of the precipitant occurred, since in some cas-
es where high results obtained, barium was found in the wash-
ings. It remains to be shown that a precipitate can be formed 
which does not lose sulfuric acid on ignition and the washings 
of which after ignition do not contain soluble sulfates to prove 
the validity of this theory. This was the basis of the last set 
of experiments carried out. 
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EXPERIMENTS WITH MkGNESIUM SUIJFATE. 
A quantity of good magnesium sulfate was dissolved in 
water, one drop of concentrated ammonium hydroxid added, 
and the solution well stirred. After settling, the liquid was 
filtered, a second drop of alkali added together with a drop of 
saturated ammonium oxalate solution. The mixture was al-
lowed to stand over night, and, after filtering, it was evaporat-
ed to low volume in porcelain, transferred to a platinum dish 
and dried in the air bath. The resulting mass was ignited to 
700 0 C. and then rapidly pulverized and bottled. Of this pow-
der, 13.4301 gms. were weighed out, dissolved in water and 
TABLE XIII.-THE PRECIPITATION OF MAGNESIUM SULFATE 
WITH VARIOUS BARIUM SALTS. 
<n 
.- '"' 
<n" 
.2;.Q 
"'E 
";::0 <;0-:; 
131 
132 
133 
15 5 
15 6 
<n 
.s 
0.. 
" tfl 
A 
Concentration in Gm E"g '3 BaSO. equivalent Equivalents per Ii tel' ;::o <n • > o5 d to MgSO •. X 10-'. 
MgS01 HCl !Barium Salt I 
.:::::~ ~<:.i ~Q "'~ 0 ><l'" <n ..... 
6 % BaC,," 
No digestion. 
" 0." 
I / '"' .§il. w Grams Grams 2.; ..... Taken Found tJ~ 
1.11 
1.11 
1.11 
- 1- -'---1--]--0.25 4.09 20 200 120 .2594 .2603 0.9 
0.25 \ 4.09 20 I 200 I 120 .2595 .2599 to.4 
0.25 I 4.09 20 200 120 .2588 .2580 -0.8 
Diges ted with 25 cc. 0.2% HCI and 25 cc. hot water . 
B 1.11 0.25 4.09 20 200 120 .2602 .2589 ,-1.3 
--\~~) 0 .25 ~ \-~- 200-\ ~'1~2596 \ .2;~\-1.1 
---'---'--- -----'----'------'---,----,--,--
Bar ium Malate. 
No digestion. 
~I T~\~~I~-\~~~ .2645 !5.0 141 C 1.11 0.50 2.77 50 200 165 .2595 . 33 3.8 
142 1.110.502.77 50 200 165 .2586.26 17 3.1 
I I 
217 I D 1.13 I 3.00 2.77 I 50 1 200 180 .2642 .2608 -3.4 
__ _ ___ 1_- , 
Digested with 25 cc. 0.5 % HCl and 25 cc. H20. 
I 0.50 2.77 50 200 180 .2603 .2645 +4.3 215 E I 1.11 216 1.17 0.50 2.77 50 200 180 .2720 .2752 3.2 
159 F 1.11 2.51 2.77 50 200 180 .2596 .2580 -1.6 
160 1.11 2.51 2 .77 50 200 180 .2591 .2570 -2.1 
157 G 1.11 3.76 2.77 
I 
50 200 180 .2598 .2579 -2.1 
158 1.11 3.76 2.77 50 200 180 .2595 .2549 -4 . 6 
25 cc. 10 % HCl added after precIpitation was 
stand 12 hrs. Wash with H,O. 
complete. Let 
, , 
50 200 180 \.2638/ .2646 Ito. 8 219 H \ 1.13 \ none 220 1.20 none 50 200 180 .2795 .2808 1.3 
I 
134 
135 
136 I'" 1 .11 1.11 
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Barium P hthalate. 
No d! ges lion. 
O.~512.15 0.25 2.15 
0.252.15 
75 ~ 125; 1-.2600 1.25981-0.2 
75 200 250 I .2 589 .2595 +0.6 
75 200 250 .2599 .2599 0.0 
--- --- --- ------
Dig-ested with 0.2% Hel and 25 cc. H20. 
~ \--;-\~\ none \~\-7-5-\~\ 270 \ .2 56 1 \ .2590 +2 .9 
180 0.75 none 1.43 75 300 270 .2622 1 .2649 +2 .7 
I I 
1 62 1.12 0.30 2.15 75 200 270 .2605 .2592 -1.3 161 I K 1 1.11 I 0 .30 I 2 .15 1 75 I 200 I 270 1 .259 3 .2591 -0.2 _~ ____ 1-__ 1 ______ 1 __ 1_ 
Same as above, with 0.4% He!. 
18; I/--Z-II ~~~; /I - 0.30 II 2.15 \ - 75 
188 1.1 6 0.30 2.15 I 75 
185 / M 1 1.16 / 0.38 / 2.15 / 75 
200 I ~ 1~786 .2790 \+0.4 
200 270 .2702 .2i15 j+1.3 
186 . _ 0.92 _ 0.38 _ 2.15 _ 75 
200 I 270 .2700 .269.3 -0.7 
200 270 .2146 .214 3 -0.3 
___ _ _ ________ 1_-
181 
182 
189 
190 
~06 
183 
184 
Sam e as above with 0.5% He!. 
------1---- -1--1--
N 0.79 none 1.4 3 75 300 270 
o 
p 
0.78 none 1.43 75 300 270 
1.13 0.05 2.15 
1.1 3 0.05 2.15 
0.92 
75 
75 
85 
200 
200 
270 
270 
200 270 
.2783 .2807 + 2.4 
.2740 .2776 3 .6 
.2641 .2660 +1.9 
.2643 .2653 1.0 
.2142 .2134 -0.8 
Q 1.37 
1.14 
0 .152.44 
0.38 Ii 2.15 
0.382 .15 
75 
75 
200 I 270 .3190 .3191 +0. 1 
200 270 .2672 .2671 -0. 1 
'-:---:0-' - --1--- -------
Bar ium S ucc inate. 
Nodi ges lioD. 
-13-7-'--- -1-.1-1- -0-.-25- -1-.-6-6 1 ;;-;;-~I~ .2 58~1~lt3.0 
138 R 1.11 0.25 1.6 6 100 200 :l30 .2603 .2637 3.4 
139 1.11 0.25 1.66 100 200 330 .2586 .2609 2.3 
----'---::-:-- '---,---:---"'--:c-:--=-:'-- I -----
Dig-ested ',lth 25 CC. 0.2% He] and 25 CC . H,O_ 
~~~r~~l l00 200 360 .2592 .2587- 1-0 .5 
1 64 1.12 0.30 '1. 66 100 200 360 .2605 .262 '1 .+ 1.6 
165 T 1.11 0.38 1.6 6 I 100 200 360 .259 1 .2589 /-0.2 
166 1.12 0.38 1.66 100 200 360 .2605 .2619 + 1.4 
Dlg-ested Wltll 25 CC. 0.4% Beland 25 ce. H 20. I ___ .LI _ _ 
",- - u--",; · 0." - ':'" '""-1-"" ".OT262-8-1·265-4 2:6 176 0.81 0.20 1.10 100 300 360 .2823 .2827 +0.4 
173 V 0.81 0.25 1.10 100 300 360 .2824 .2834 + 1.0 
174 0.97 0.25 1.10 100 300 360 .3397 .3434 +3.7 
---'----:D=-~ig-e-sc-;ti-on~2-5-c-C-. -0-.50/0 Hel and 25 ce. H20. 
--
171 W 0.74 0.25 1.10 
172 0.75 0.25 1.10 
211 X 1.08 0.35 1.66 
212 1.15 0.35 1.66 
209 y 1.18 0.30 1.66 
210 1.17 0.30 1.66 
213 Z 1.12 0.40 1.66 
214 1.10 0.40 1.66 I 
------
100 300 
100 300 
100 200 
100 200 
100 200 
100 200 
100 200 
100 200 
~\ .2600 .2622 +1.3 
360 .2621 .2627 +0 .6 
360 .2515 
360 .2684 
360 .2751 
360 .27 32 
360 .2622 
360 .2558 
.2516 
.2704 
.2756 
.2742 
.2626 
.2575 
+0. 1 
+2.0 
+0.5 
+ 1.0 
+0.4 
+1.7 
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made to 2 liters at 15 0 C. The magnesium was determined as 
Mg2P 20 7 in four weighed portions. The analyses showed 
0.01343, 0.01344, 0.01352 and 0.01356 gm. of magnesium per 10 
gms. of solution. The mean value expressed showed that 10 
gms. of solution contained sulfur equivalent to 0.1295 gm. of 
barium sulfate. This was considered sufficiently accurate as 
a standardization. 
Using weighed portions of this solution, with organic 
barium salts prepaeed similarly to those used previously, a 
long series of determinations was carried out. Hydrochloric 
acid was used in concentrated form, in 10 percent solution, 
and in 1 percent solution (by volume). The concentrations 
are of course approximations. In table XIII are recorded the 
best analyses obtained. 
Series A and B are determinations made with 5 percent 
barium chlorid; the effect of digestion in decreasing high re-
sults is quite marked. After two ignitions, every determina-
tion in the table was washed with 100 cc. hot water, ignited, 
weighed, washed with a second 100 cc. portion of water, re-
ignited and re-·weighed. The wash waters were generally 
tested separately for sulfates. The washings of Series B, in 
spite of the low results, yielded decisive tests for sulfates with 
barium chlorid in acid solution. 'fhe malate tests, (Series C to 
H inclusive) show plainly that the barium malate can not be 
successfully used as a precipitant for sulfates under the con-
ditions tested; Series H is a trifle better than any other set: 
the precipitates were not pure for the washing tests showed 
sulfates. Moreover, all the malate precipitates showed a gray 
color after the first ignition, which color was not removable 
by increasing the temperature to 850 0 C. Series H was lighter 
than the others. This color was attributed to a partial re-
duction of the sulfate, due to the carbonizing of the organic 
material adsorbed. A particularly interesting point is that the 
precipitates after washing, being moistened with a little sul-
furic acid and reignited at 700 to 800 0 C., regained in weight 
what had been lost in washing and occasionally increased above 
the original weight. The precipitates so treated, gave copious 
tests for sulfates on washing! As barium sulfate does not lose 
S03 at this temperature, nor indeed, below 1400· C., this offers 
ground for reflection. 
The phthalate series (I to Q inclusive) are much better, 
and in a few cases offer really acceptable results (Series M 
and Q particularly). These analyses are undoubtedly due to 
a balancing of errors, for the same reason as before: the pre-
cipitates all contained soluble sulfates after ignition. Many 
other digestions and other concentrations of hydrochloric acid, 
etc., were tested, but the analyses were even less satisfactory 
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than these. The succinate series (R to Z inclusive) were also 
unsuccessful. No acceptable values were obtained and the 
precipitates of the results quoted were all impure; they were 
not only grayish in color, but also showed a peculiar shiny 
lustre. Microscopic examination of precipitates thrown down 
by barium chlorid, succinate, malate and phthalate, with or 
without sodium chlorid in solution, with or without acid diges-
tion, in acid or neutral solution, before or after ignition, failed 
to reveal any marked difference in structure. The precipitates 
which had been ignited seemed to have "shrivelled" a trifle, 
but only the usual forms of crystals were found. 
Having shown that all of these precipitates contained 
water soluble sulfates after ignition, it remained only to see 
whether sulfuric acid was evolved from the original precipi-
tates during initial ignition. Qualitative tests similar to those 
already described were made: precipitates thrown down by 
chlorid, malate, phthalate and succinate were digested with 
0.4 percent hydrochloric acid and water as in the analyses and 
then washed free from soluble salts. Other conditions were 
similar to those in the tables. 
The dried precipitates were ignited in a closed tube and 
the odor noted. Very small amounts of liquid distilled out. 
The qualitative tests are shown in table XlV. 
TABLE XIV.--QUALITATIVE TESTS. 
Preclpl- Tests on Liquid 
tant 
-SO, Ci I H,S ( 1) ( 2) (3 ) 
Ba Trace Trace I Negative 
chlorld 
Ba Ne gative Negative ~I c d e ,'ate 
phthalate 
Ba Ne gative Negative Moderate 
malat e 
Ba DOllhtful Douhtful Moderate 
succina te 
(1) SO, tested by BaC]' and HCI. 
( 2) Cl tested by AgN03+HNOa. 
Sublimate 
S (' ) 
Negative 
Moderate 
Moderate 
Mod erate 
(8) H.s connrmed by odor and AgN08 ppt. 
ResIdue 
Alkaline 
Alkaline 
Alkaline 
Alkaline 
Remarks 
Odor or 
henz r pl, e -
nune 
(') It Is thought that the small yellow sublimatfl was sulfur as H,S was 
I1berated at tbe same time . 
This series is very significant: the presence of soluble 
sulfates in the precipitate after ignition and the lack of "free" 
sulfuric acid in igniting point both to complex salt formation 
and to adsorption. If, as Allen and Johnston suppose, MHS0 4 , 
where M represents a univaleIlt metal, is included in the pre-
cipitate, "free" sulfuric acid would be evolved during ignitiOlI 
and a soluble sulfate would remain in the preci.pitate : \\-hethel' 
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or not the adsorbed bisulfate or, rather, the neutral sulfate 
formed from it, could be washed out after ignition, is un-
certain. If, ho\yever, a bivalent metal is present as sulfate, 
it is difficult to see how a bisulfate could form. A salt of the 
type MgHz(S04)z is mentioned in the literature 43 as being 
formed by the solution of anhydrous magnesium sulfate in 
hot concentrated sulfuric acid. This salt is decomposed by 
water, however, as are the acid sulfates of barium, strontium 
and calcium. No reference was found concerning acid sulfates 
of other bivalent metals as copper, cobalt and nickel. The in-
stability of this type of salt precludes the formation of the 
salt BaHz (SO 4) 2 proposed by Hulett and Duschak, unless 
it is adsorbed or included instantaneously upon formation 
from complex ions, which is stretching theory to the limit. 
Adsorption undoubtedly does occur: finding soluble sul-
fates in the precipitate demonstrates this point. Johnston 
and Adams . have proven it quantitatively, and many others 
besides the authors of this paper have qualitative evidence of 
the fact. But how the phenomenon is brought about has not 
been shown. Neither Hulett and Duschak's complex salt 
theory, nor Allen and Johnston's bisulfate reaction fully 
cover the case. There is contradictory evidence to each in 
this work, namely:-
Hulett and Duschak's explanation by means of complex 
salts, demands that the precipitate should yield neither" free" 
sulfuric nor hydrochloric acid on ignition, that there should 
be no soluble sulfates in the precipitate aftervvard, and that 
it should be neutral ·when a sulfate of a bivalent metal 
(MgS04) and a barium salt of a dibasic acid (barium phthal-
ate) react. The first conditions are fulfilled, according to the 
tests quoted in this paper, altho hydrochloric acid could hardly 
be given off in the system mentioned, since the chlorine is 
supposedly in the precipitate because of Ba+CI ions which, in 
this case, are not present presumably until the barium sulfate 
having been precipitated, the hydrochloric acid reacts with 
the excess of organic barium salt. It has been shown that very 
little barium chlorid or sodium chlorid is taken up after pre-
cipitation is complete. The alkalinity of the precipitate, and 
the presence of water soluble sulfates in the precipitate are 
not explainable by the conditions of this theory. 
Allen and ,Johnston's theory of soluble sulfate formation 
thru adsorption of a bisulfate is equally untenable, since the 
formation of a bisulfate of magnesium is doubtful under the 
conditions of the experiment, unless it be assumed that mag-
nesium sulfate in ionizing, forms a complex Mg(S04)Z' an 
assumption which is not entirely warranted from hitherto 
observed facts. The presence of a bisulfate in the original 
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precipitate practically necessitates the liberation of sulfuric 
acid on ignition, a fact not observed in the above experiments; 
or, if sulfuric acid is not liberated, the barium sulfate must 
show an acid reaction proportional to the amount of bisulfate 
held, another point not confirmed by experiment. 
In closing, the authors confess that they have no better 
explanation to offer; one point is clear, the precipitate of 
barium sulfate can never be obtained pure under ordinary 
working conditions, for adsorption undoubtedly occurs. The 
exact mechanism of the reaction or phenomenon by which the 
impurities are held, is not clearly understood. Neither of the 
best two explanations previously offered is entirely in accord-
ance with the observed facts. These data are presented for 
the purpose of impressing upon analysts the necessity for fol-
lowing most carefully, a definite set of conditions in sulfur 
analysis, and to throw as much light as possible upon the 
theory of the reaction. 
" To Dr. A. W. Dox, f"lli e f chemi s t of llli s laboratory, are du e tile lleal·t-
relt tllanks of til e au thor s, for interes t evinced during tile progress oC ",Ie 
work, and ror kind su gges tions and llelpCul criti cism. 
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